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ETHER SUBSTITUTED IMEDAZrOPYRIDINES 

Field 

This invention relates to inndazopyridine compounds that have eOxer or thioether 
substitution at the 1 -position, and that may contain additional fixnctionality. The invention 
also provides pharmaceutical compositions containing these compounds and me&ods of 
inducing cytokme biosynthesis by administration of the compounds. 

Background 

The first reliable report on the l£r-imidazo[4^-c]quinoline ring system, Backman 
et al., J.QrgLChemL 15, 1278-1284 (1950) describes the synthesis of l-(6-meaioxy-8- 
qu]no]inyl)-2-methyl-l&-iinidazo[4,S'^]^ for possible use as an antimalarial 

ag^t Subsequently, syn&eses of various substituted IEr-imida2X)[4,S-c] quinolines were 
rqwrted. For example, Jain et al., J. Med. Chem. 11, pp. 87-92 (1968), syn&esized lire 
compovxid l-[2-(4-piperidyl)eih3d]-l/f-iinidazo[4,S-c]quinol^^ as a possible 
anticonvulsant and cardiovascular agent Also, Baranov et al.. CfaenL Abs. 85. 94362 . 
(1976), have reported several 2-oxoimidazo[4,S-c]quino]ines, and Berenyi et al., J. 
Heterocyclic Chem. 18, 1537-1540 (1981), have reported certain 2-oxoiinidazo[4,5- 
c]quinolines. 

Certain lH-imidazo[4,5-c]quinolin-4-ainines and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
immunomodulators. These are described in, inter alia, U.S. Patent Nos. 4,689,338; 
4,698,348; 4,929,624; 5,037,986; 5,268,376; 5,346,905; and 5,389,640, all of which are 
incorporated herein by reference. 

Substituted lif-imidazopyridine-4-amine conq)ounds useful as immune response 
modifiers are described in United States Fat^Nos. 5,446,153; 5,494,916; 5,644,063; 
6,525,064; 6,545,016; and 6,545,017. The compounds described in tiiese patents do not 
have elher substitution at the 1- position. Certain l£r-iinida2X>[4,5-c]quinolin-4-amines 
fliat have amide, sulfonamide, and urea functionality at the Imposition are described in U.S. 
Patent Nos. 6^31,539; 6451,810; and 6,541,485. 
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Despite these recent discov^es of conqioimds that are useful as iioinune resporyse 
modifiers, there is a contmuing need for compounds that have the ability to modulate the 
inmiune response^ by induction of cytokine biosynthesis or other mechanisms. 



In one aspect, the invention provides imidazopyridine compounds that have ether 
substitution at the l-position. These compoimds have the general formula (la): 



wherein X, W, and the various R variables are as delBned herein. In other aspects, the 
invention provides pharmaceutical compositions containing the compounds and methods 
of usmg the compounds to achieve a therapeutic effect. Such effects include the induction 
of cytokine biosynthesis, the induction of mt^eron biosynthesis, treatment of viral 

15 conditions and treatmCTt of neoplastic conditions. In ofiier aspects, the invention 

additionally provides methods of makmg the compounds and intennediate compounds 
useful in then: synthesis. 

Many of the compounds of the uivention have an ether linkage at the l-position of 
file conqpounds. The compounds may include additional substitution tiiat occurs after the 

20 initial ether linkage, such as aiyl, heteroaryi, heterocycljd, amido, sulfonamido^ urea, and 
' the like. An additional set of compounds provided by tib.e invention contain a thioe&er 
linkage at the l-position; these thioether conipounds may also have additional substitution 
after the initial thioether linkage, including alkyl, aryl, heteroaryi, and heterocyclyl. 



Summary 




(la) 
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Detailed Desctiption 
Several classes of eth^ and thioettier substituted imidazopyridine compounds are 
disclosed herein. Although each has a different type of substitution at flie 1 -position of the 

5 conq)Ound, many of the substituents at the other positions of tiie imidazopyridine core can 
be independently selected fiom ih& same group of radicals. Therefore, the following 
system is used to describe some embodiments of the invention: different classes of 
compounds are each described by a different general structure of Formula la, such as lb, I- 
1, 1-2, and so on. Corresponding different Ri substituents for those compounds will be 

10 sunilarly identified as Ri.i,Ri.2,aiui so on. The other substitueuts, which have the same 
defiuitions for each class of compounds, will have common designations such as X, Y, Z, 
R2» R3> R4> R^> and so oil If the same variable appears twice in a particular substitaent or 
compound, such as in - T^dR^)!", thra each instance of the variable can be independently 
selected fix>m the permitted values for the variable. 

15 In one aspect confounds of the invention axe repesented by Formula la: 




da) 

20 

wherdn: 

X is -CHCRfiK -CH(R5>alkylene-, -CH(R5)-alkenylene-, 
or CH(R5>alkylene-Y-alkylene-; 
Yis-0-,or-^(0)o-r-; 
25 -W-Ri is selected from -O-Rm-s and -S(0)o.2-Ri^; 

Rm.5 is selected from 

-R5-C(R7>-Z-R8— aUcyl; 
-R5-<:(R7>-Z-Rs— alkenyl; 
-R^(R7)-Z-R«— aryl; 
30 -R<rC(R7>-Z-R8--heteroaiyl; 

3 
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-Rtf-C(R7)-Z-R8— heterocyclyl; 

.R<rC(R7)-Z-^ 

-R!-NCR9)-C(R7)-R«-alk3^ 

-IU-N(R9>-C(R7>-R«--alkenyb 

5 -lu-NCR»)-CCR.7)-R«-«yl; 

-R«-^(R9)<KR7)-RH>ie*eroaiyli 
-R«-N(R9HXJ^7)-IMiet«»cyclyl; 

-R«-N(R9)-C(R7)-Rio; 
-R6-N(R9)-SQ2-R«-alkyl; 
10 -R«— NCR^)— SOr- Rg-alkeayl; 

-R«-N(R!>)-SQ2-R8-aryl; 

-R<f-N(R9)-S02-R«-4ietearoaryl; 

-R<H^CR9)-^S(V-RHieterocyclyl; 

-Rc-NCRg)— SO2— Rio; 
15 -R6-N(R9>S02-N(R5)-Ra-alkyl; 

-R6-N0El9)-SO2-N(R5)-Rralkm)d; 
! -R6-N(R9)-S02-N(R5)-R8-aryl; 

-R6-N(R9)-S02-N(R5)-R«-heteroaryl; 
, -K<rN(R9)-SC)2-N(R5)-R8-hetax)cyclyl; 
20 -R«-N(R9>S02-NH2; 

-I^H^(R«)-C(R7)-N(R3)-<Hl«-^«lkyi; 

-R«4^(R^,)-(XR7)-N(R5>-<^R^^^1^ 

-R<rNCR9)-C(R7)--N(R5)-(Hljraryi; 

-R«-N(R9)- C(R7)— N(R5)-<^R«^leteoaryi; 
25 -IU-N(R9)-C(R7)— N(R5)--Q4Mietearo^ 

-R«-N(R9)--C(R7)-N(R5)2; 

-R^N(R5)-C(R,)-N A; 

-Rfi-N(R9)-C(R7)-N(Rn)-Q-R«-aIkyl; 
-R<rN(R9)-C(R7)— N(Rii>-Q— K«-alkeDyl; 
30 -R<s-N(R9)-C(R7)-N(Ru)-Q-R«-aryt 

-Rfi-NCRs)- C(R7)-NCRii)-Q— RHieteroaryl; 
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-R<rN(R9)- C(R7)-N(RuH5-R«-heterocyclyl; 

-R^N(R9)- C(R7)-N(Rn)H; 

-alkenyl; 

-aryl; 

5 -R^-aryl; 

-heteroaryl; 
-heterocyclyl; 
-Rfi- heteroaryl; and 
-R^eterocyclyl; 
10 Z is-NCR^H or 

Q is a bond, -CO-, or -SQr-; 

A rejpteseata tiie atoms necessary to provide a S- or 6-membered heterocyclic or 
hetmaromatic ring that contains up to three heteroatoms; 
Ri^ is selected fix>m: 
15 -aHqd; 

-axyl; 

•-heteroaryl; 

-heterocyclyl; 

-alkenyl; 

20 -Re-aryl; 

heteroaryl; and 
-Re-heterocyclyl; 
each R5 is independently hydrogen, Cmo aOqd, or C2-10 alkenyl; 

is alkyiene, alkenylene, or alkynyleae, which may be intetnq>ted by one or 
25 more -O- groiq>s; 

R7isK)or=S; 

Rs is a bond, alkylme^ alkenylene, or alkynyiene, vMdii may be interrupted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkjd, or arylalkyl; or can join togeflier with any carbon 
30 atom of R^ to form a ring of (he formula 
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Rio is hydrogen or Cmo alkyl; or R9 and Ri© can join together to fonn a ring 
selected &om 



Ru is Ci-10 alkyl; or R9 and Ru can join together to form a ring having the 
stnicture 



R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 
does not prevent fonnation of the ring and 

Rx, Ry and Rz are independently selected fiom hydrogen and non-interfering 
substitute; 

or a phartnaceutically acceptable salt thCTeof; wherein the componnd or salt of Fonnnla Jsl 
induces the biosynthesis of one or more cytokines. 

Compounds of Formula lb 

In one embodiment, compounds of the invention are rq>resented by Formula lb: 




N-C(R,) 




NH2 




X — W— R, 



Ob) 



X is -CHCRsK -CH(R5>a]kyieixe-, -CH(R5>-alkeiiyleae-, or 
C3I(El5)-alk5dene-Y-alljyleiie-; 
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-W-Ri is selected from -O-Rm-s aiid-S(0)(«-Rw; 
Ri-i^ is selected firom 

-Rff-C(R7)-Z-R«-a]kyi; 

-R«-C(R7)-Z-R8— alkeayl; 

-Rfi-C(R7)-Z-R8-aryl; 

-R<s-C(R7)-Z-R8— heteroaryl; 

-R6-C(R7>-Z-R8— hetaocyclyl; 

-R<rC(R7)-Z-H; 

-R<rN(R9) -C(R7)-R8-a]kyl; 

-R«-N(R») -C(R7)-R8-a]lceayl; 

-R<r-N(R9)-C(R7HRjraryl; 

-RH!^(R9)-C(R7)-R«-i»eteroar3d; 

-R«-N(BU)-C^7)-RH»eterooyclyl; 

-R«-N(R9)-C(R7)-Ri(S 
-R6-N(R9)-S02— R«-alkyt 
-R6-N(R«)-S02-R8-alkenyl; 

-R<rN(R<,)-S02-R«-aiyU 
-Rff-N(R9>-SOr-RH»fitCToaiyl; 

-Rfi-N(R9)-SOr-R«-lwterocyclyU 
-R<-N(R9)-S02-Rio; 
-R6-N(Rfl)-S02-N(R5)-R«-alkyl; 
-R6-N(R9)-SOrN(R4)-R8-alkenyl; 

-R6-N(R9>S02-N(R5)-R8-aiyU 

-R6-N(R9)-S02-N(R5>R«-lieteroaryl; 

-R6-N(R9)-S02-NCRfl)-R«-lieteK)cyclyl; 

-R6-N(R8)-S02-NH2; 

-R<rN(R9)-CCR7)-N(R5)-<^R8-alkyl; 

-R<rN(R9)-€(R7)-N(R5HhR8-a]keayl; 

-R<rN(R9)-CCR7)-N(R5)-<5-Ry-aryU 
-Re-^I(R9)-C(R7)-N(R5)-Q-RHieteroaiyl; 
-R«-N(R9)- C^7)-NCR5)-Q-R«-ietetocyclyU 
-R6-NCR9)-C(R7)-N(R5)2; 
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-R<fN(R5)-C(R;>N A; 

4l<HN(RsK:(R7)-Naiii>-Q-Riralk5d; 

-RH^(R9KKR7)-N(Rii)-<^-Rff-alk4 
-R<r^(R9>-€(R7)-N(Ri,Hh-Ra-aryl; 
5 -R«-N(Rs)-CXR7)— N(Rn>^J— Rg-liete^ 

-R<y4<T(R9)- CCRy)— N(RiiH2— Rirheterocyclyl; 

^Re-N(R9)-C(R.7)-N(R,0Kt ■] 
-alkenyl; s 

10 -Re-aiyl; \, 

-heteroaryl; . 
-heterocyclyl; I j 

-R«- heteroaryl; and V 
-Rfi-heterocyclyl; ,1 

IS Ri^ is selected from: 

' I- 

-alkyi; '\ 

{ 

-aiyl; ( 
-heteroaryl; 

-heterocyclyl; ^ 
20 sSkeayi; } 

-Re-aiyU ; 

-S6- heteroaryl; and ; >^ 

-RHiietetocyclyl; 
R2 is selected &om the group consisting of: 
25 -hydrogeo; 

-aQcyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
30 -heterocyclyl; 

-alkylene-Y-alkyl; 
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-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
5 -OH; 

-halogen; 
-N(R5)2; 

-C(0)-Cmo alkyl; 
-CXO)-0-Cmo alkyl; 
10 -N3; 

-aryl; 

-hetecoaryl; 

-heterocyclyU 

-C(0)-aryl; and 
15 -C(0)-heteroaryi; 
Yis-(>-or-S(0)o-2-; 
Z is-N(R5)-, or -S-; 
Q is a bond, --C(0)-, or-^Or-; 

A represents the atoms necessary to provide a 5- or 6-membered heterocyclic or 
20 hetOT>aromatic ring that contains up to three heteroatoms; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Ci-io alkoxy, Cmo alkylthio, amino, alkylamino, 
diaBcylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cuo alkyl, or C2.10 alkenyl; 
25 Rfi is alkylene, alkenylene, or alkynylene, which may be mteuupted by one or 

more -O- groups; 

R7isOor=S; 

Rg is a bond, alkylene, alkenylene, or alkynylene, which may be intemqpted by one 
ormore-0-groiq>s; 

30 R9 is hydrogen, Cuxo alkyl, or arylalkyl; or R9 can join together with any carbon 

atom of R6 to form a ring of the formula 
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5— 

Rio is hydrogm or Cmo alkyl; or R9 and Rio can join together to fonn a ring 
selected fix>m 



5 Rii is Cmo alkyl; or R^ and Ru can join together to form a ring having the 

structure 

— N-C(FV) 

( y- 

-and 

R12 is C2-7 sdkylene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
10 or a pharmaceutically acceptable salt thereof. 

Compounds of Formula I-l 

One embodiment includes a class of compounds represented by Formula (I-l): 




15 

(I-l) 

20 wh^dn: 

X is -CHCRsK -CH0R5)-alkylene-, -CH(R5>alkenylette-, or 
CH0Et5)-alkylene-Y-alkylene-; 

Ri.i is selected fix>m ttie groiq> consisting of: 
-R<rC(R7>-Z^R«-a]kyl; 
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-R^(R7)-Z-R«— alkeoyl; 

-R«-C0R^7>-Z-R8— aryi; 

-RH::(R7)-Z-R8— heteroaryl; 

-R6-CCR7)-Z-R8— hetetocyclji; 
5 -R<5-C(R7>-Z-H; 

-R<rN(R9) -<:(R7)-R8-alkyl; 

-RH^Ot^) -C(R7)-R8— alkenyl; 

-Re-N(R9)-C(R7)-R«-aiyl; 

-R6-N(R9)-C(R7>-R«-heteroaryi; 
10 -Rr^?(R9)-^i:CR7)-R«-h^«cocyclyl; and 

-Rfi-N(R9)-C0R.7)-Rio; 

Z is-NCRsK -0-. or -^J 

is selected fixtm &e gcoiq> conastii^ o£ 

-hydrogen; 
15 -alkyl; 

-aSksasyi; 
-aryl; 

-hetsroar^ 
-heterocycl^ 
20 -alksdeEe-Y-alkyI; 

-alkylene-Y- aOcenyl; 
-alkylene-Y-ar^; and 

- alkyl or alkenyl substituted by one or more substituents selected from tib.e 
gcoiqp consisting of: 
25 -OH; 

-halogen; 
-N(R5)2; 

-C(0)-Cmo alkyl; 
-C(0)-0-Cno alkyl; 
30 -N3; 

-aryl; 

-heteroaiyl; 
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-heterocyclyl; 
-C(0)-aryl; and 
-C(0>heteioaryl; 



Yis-0-or-5(0)o-2-; 

and R| are independently selected &om the group consisting of hydrogen, Ci.io 
aB^l, Cmo alkenyl, C2.10 allq^yl, Cmo alkoxy, Ci-10 alkylthio, amino, alkylanrino, 
dialkylamino, halogen, and nitro; 

each Rs is independently hydrogen, Cho alkyl, or €2-10 alkenjd; 

R6 is alkylene, alkenylene, or alkynylene, which may be mtemipted by one or 
more-0-groi]5)s; 

R7is=Oor=TS; 

Rft is a bond, alk^ene, alkenylene, or alkynylene; which may be intorapted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or aiylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of the formula 



R12 is C2.7 aDqdene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 





;and 
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Compounds of Fommla 1-2 

Another embodiment includes a class of compounds rq>resented by Formula (1-2): 

NH2 



S whemm 

X is -a^K -CH(R5>al]q1ene-, -CH(R5)-alkenylene-, or 
CHCE{5)-alkylene-Y-alkylene-; 

R1.2 is selected fixm the groiqp c(nisisting o£ 
-R6-N(R9)— SO2— Rs-alkyi; 
10 -Rfi— N^)— SOz— Rs— alfcraiyl; 




a-2) 



15 



20 



-R«-N(R9>-SQriU-ar^; 

-Rfi-N(R9)-SQr-R«-*eteroary[; 

-lU-KCM-SQr-Rs-hetaocyclyl; 

-R«-N(R9)— SQ2-R10; 

-R<5-N(R9)-S02-N(Rs>R8-a]kyl; 

-R<j-N(R9)-S02-N(R5>Rs-alkenyl; 

-R<-N(R9)-S02-N(R5>R«-aryl; 

-R6-N(R9)-SO2-N0!l5>Rs-hietfflioaryl; 

-Rc-N(R9)-S02-N(R5>R8-heterocyclyU and 

-R<5-N(R9)-S02-NH2; 



is selected from the group consisting of: 



25 



-hydrogeaa; 
-alkyl; 
-alken^; 
-aryl; 

.4ieteioaiyl; 
-hetetocyclyl; 
-allq^ene-Y-alkyl; 



13 



wo 03/103584 



PCTAJS03/17659 



-alkylene-Y- alkenyl; 
-aBcylene-Y-aryl; and 

- aB^l or alkenyl substituted by one or more substLtuents selected &am the 
group consisting of: 



-OH; 

-halogen; 

-N(R5)2; 

-C(0)-Ci-io alkyl; 

-C(0)-0-CMoalkyl; 

-N3; 

-aryl; 

-heteroaiyl; 
-heteiocyclyl; 
-C(0)-aryl; and 
-C(0)-hetetoar^; 



Yis or -S(0)a.2S 

R3 and R4 are independently selected from the group consisting of hydrogen, Cuio 
alkyl, C2.10 alkmyl, C2.10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Ci-io alkjd, or C2-10 alkenyl; 

R6 is all^ene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groins; 

Rfi is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groiqps; 

S$ is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of the formula 



Rio is hydrogen or Cmo aU^yl; or R9 and Rio can join togeth^ to form a ring having 
thestmcture 




(^^2)3-8 
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;and 

R12 is C2.7 aSkyleoB which is sbai^ chain or branched, wherdn the branching 
does not prevent formation of Ifae ring; 
or a pharmaceutically acceptable salt tiiereol 

Conxpounds of Fonmila 1-3 

Another embodiment includes a class of compounds represented by Formula (1-3): 




10 



\(^ec<ein: 

X is -CHCRfiK -CH(R5>-alkylene-, -CE^>a]ken34ene-, or 
CB(R5)-alkylOTe-Y-aIlqden6-; 
15 R1.3 is selected fiom (he groiq) consisting of: 

-R<r-N(R9)-C(R7)-N(R5>-Q-Rr^l; 
-■Re^(R9h C(R7)-N(Ra)-Q-Rr-alkenyl; 
-Re-N(R9)- C(R7)-N(R5)-Q-R(raryU 
-Rfi-N(R9)- C(R7)— N(R5)-Q-R«^etCToaryl; 
20 -R<r-N(R9)-C(R7)— NiRsHHU-beterocyclyU 
.R<rN(R9)-C(R7)-N(R5)2; 

n\ 

.IVN(R5)-C(R7)-N A; 

-R<rN(R9)- C(R7)-N(Rii>-Q-R8-«lk5d; 
-R(rN(R4)>- C(R7)— N(Ru)-Q-Rr^enyi; 
25 -R«-N(R9)- C(R7)-N(Rn)-Q-R8-aryl; 

-Rfi-NCRfl)- CCR.?)— N(Rii)-Q-RHieteroai3^ 
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-R6-N(R9>- CCRy)— N(Rii)-Q--R«--heterocyclyl; and 
-R(r-N(R9>- C(R7)-N(Rn)H; 
R2 is selected from ttie group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyi; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

-allc/l or alkenyl substituted by one or more substitomts selected from ttie 
group consisting of: 
-OH; 
-halogen; 
-N(R5)2; 

-C(0>Cmo alkyl; 

-C(0)-0-Ci-ioalkyl; 

-N3; 

-aryl; 

-heteroaryl; 

-hrterocyclyl; 

-C(0)-aryl; and 

-C(0)-heteroaryl; 
Yi&-0-or-S(0)o.2-; 
Q is abond, -C(0)-, or-SOr-; 

A rq[>resents the atoms necessary to provide a S- or 6- membered heterocyclic or 
heteroaromatic ring ttiat contains \xp to three heteroatoms; 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, Cz^q alkynyl, Ci-10 alkoxy, Cmo alkylfhio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 
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each Rs is independently hydrogen, Cmo alkyl, or C2.10 aDcenyl; 

is alkylene, alkraiylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

eachR7is=0 or=S; 

5 Rs is a bond, alkylene, alkenylene, or alkynylene, which may be intemipted by one 

or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R^ to form a ring of the formula 

(CH2)« 

10 RiiisCi.ioa]kyl;orR9anidRii canjointogelliertofonnariiighaviiigfhe 

structure 

— N-C(R;) 

( y- 

or a phaxmaceudcally acceptable salt thereof 

15 Compounds of Formula 1-4 

Another ^bodiment includes a class of compounds represented by Formula 0^-4): 




20 wherein: 

X is <3S(Rsy, -CH(R5>alkylen&-, -CHORsValkenylene-, or 
CH(R5)-aDcjdene-Y-aIkylene-; 

Rm is selected from the group consisting o£ 
-alkenyl; 

25 -aryl; and 
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-Rff-aiyl; 

R2 is selected from fhe groiq) consisting of: 
-hydrogen; 
-alkyU 

5 -aDcenyl; 

-aryl; 

-heteroaiyU 
-heterocyclyl; 
-alkylene-Y-alkyi; 
10 -alkylene-Y-alkeayi; 

-alkylene-Y-aryl; and 

- alkyl or alken}4 substituted by one or noiore substitumts selected jGrom the 
group consisting of: 
-OH; 

15 -halogen; 

-N(R5)2; 

-C(0)-Ci.io alkyl; 
-C(0)-0-Ci.io alkyl; 
-N3; 

20 -aryl; 

-heteroaiyl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroai^; 

25 Yis-0-or-S(0)a.2-; 

R3 and R4 are independently selected fiom the group consisting of hydrogen, Ci.io 
OkyU C2-10 alkenyl, C2.10 alkynyl, Cmo alkoxy, Cmo aBcyllhio, amino, alkyiamino, 
dialkylamino, halogen, and nitro; 

each Rs is independently hydrogen, Cmo aU^U or C2.10 alkenyl; and 
30 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O- groups; 

or a phaimaceuticaliy acceptable salt thereof 
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Compounds of Formula 1-5 

Another embodiment includes a class of compounds i:q)reseQted by Fonnula (1-5): 




5 ff-5) 
wherein: 

X is -CH(R5>, -CH(R5>alkylene-, -CH(R5)-alkeQylene-, or 
C3H^)-aIkylene-Y-aDQrlene-; 
10 Ri.s is selected from Ihegroiq) consisting of: 

"heteroaryl; 

-heterocyclj^ 

-R^heleroar^and 

-RHieterocyclyl; 
IS R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

20 -heteroaryl; 

-heterocyclyl; 
-alkylene-Y-allgrl; 
-alkylene-Y- alkenyl; 
-aDcylene-Y-aryl; and 

25 - alkyl or alkenyl substituted by one or more substltuents selected from the 

group consisting of: 
-OH; 
-halogen; 
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-N(R5)2; 

-C(0)-Cmo alkyl; 

.C(0)-0-Ci-ioalkyl; 

-N3; 

5 -aiyl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteioaryU 
10 Yis-0-or-S(0)o-2S 

R3 and R4 are independently selected fiom the group consisting of hydicgeo, Cmo 
alkyl, Cmo alkenyl, C2.10 alkynyl, Cmo alkoxy, Ci-10 alkylthio, amino, aJkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 
15 R6 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O- groups; 

or a pharmaceutically acceptable salt thereof. 

Compounds of Formula 1-6 
20 Another embodiment includes thioether compounds rq)resaated by Formula (JL-jS): 




25 wherein: 

X is -CH^K -CH(R5>alkylene-, -CHCRs^alkenylene-, or 
CH0R5)-alkylene-Y-alkylene-; 

Ri^ is selected from the group consisting of: 
-alkyl; 

30 -aryl; 
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-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R<r-aryl; 
-Re- heteroaryl; 
-R6-4ieterocyclyl; 
Ra is selected from the ffoxxp consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryU 

-heteroatyl; 

-heterocycly^ 

-alkylene-Y-alkyl; 

- alkylene-Y- alkenyl; 
-aJkylene-Y-aryl; and 

- alkyl or alkenyl siibstituted by one or more substituents selected fixnn the 
group consisting of: 

-OH; 

-halogen; 

-N(R5)2; 

-C(0)-Ci.io alkyl; 
-C(0>0-Cmo alkyl; 
-N3; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryl; 
Yis-0-or-^S(0)o,2S 
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R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2.10 alkynyl, Cmo alkoxy, d.io alkylthio, amino, alkylamino, 
dialkylaniino, halogea:i, and nitro; 

eachRs is independently hydrogen, Ci.io alkyl, or C2.10 alkenyl; and 
5 R6 is alkylene, alkenylene, or alkynylene, whicli may be intemq)ted by one or 

more-O— atoms; 

or a pharmaceutlcally accqptable salt thereof. 

Intennediate Compounds 
• 10 Another aspect of the invention includes intermediate compounds of Formulas n, 

IV, V, LVin, UX-1, LIX-2, LIX-3, LIX-4, LIX-5, LXXVm, LXXK, LXXX-4, and 
LXXX-5. 

In one embodiment, a class of intemiediate compounds is represented by Formula 

It 

15 




wherein 

X is -Ca(Rsh -CH(R5)-alkylene-, -CH(R5>a]kenylette-, or 
20 CH(R5>alkylene-Y-alkylene-; 

R2 is selected from the group consisting of: 
-hydrog^ 
-all^l; 
-alkenyl; 
25 -aryl; 
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-heteroaryl; 
-heterocyclyl; 
•alkylene-Y-alkyl; 
-alkylene- Y- alkenyl; 
-alkylene-Y-aryl; aad 

-alkyl or alkenyl substituted by one or more substituents selected fiom the 
group consisting of: 



-OH; 

-halogen; 

-N(R5)2; 

-C(0)-Cmo alkyl; 
-C(0)-0-Cmo aDcyU 
-N3; 
-aryl; 

-hetecoaxyl; 
-heterocyclyl; 
-C(0)-aiyUand 
-C(0)-hetax)aryi; 



Yis-0-or-S(0)o.2S 

R3 and R4 are independently selected &om the groiq) consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, Ci^io alkynyl, Ci-io alkoxy, Cmo alkyltbio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is indepradently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

is alkylene, alkenylene, or alkynyl^e, which may be interrapted by one or 
more -O— aton:is; and 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of the formula 




or a phaimaceutically acceptable salt thereof. 
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la anotiier embodiment, a class of intemiediate compoimds is represented by 
Formula W: 



X is -CHCRsK -CH(R5>aIkylene-, -CH0R5)-alkenylCTLe-, or 
CH(R5>-alkylette-Y-alkylene-; 

Ri^ is selected fiom the gioi^ consisting of: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
"Rfi-aryl; 
-R^hetOT^aryl; 
-R^eterocyclyl; 
R2 is selected firom the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 




S(OX« 



(TV) 



wherdn: 
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-alkylene-Y-alkyl; 

- alkyene-Y- alkenyl; 
-alkylme-Y-aryl; and 

- alkyl or aUcenyl substituted by one or more substitaents selected &om the 



5 



group consisting of: 



10 



15 



-OH; 

-halogen; 

-N(R5)2; 

-C(0>CMoalkyU 
-C(OK)-Ci-io alkyl; 
-N3; 
-aryl; 

-heteroaxyl; 
-heterocyclyi; 
-C(0)-aiyU and 
-C(0)-heteroaryl; 



Yis-0-or-S(0)o-2S 

R3 and R4 are independently selected from flie group consisting of hydrogen, Cmo 
alkyl, C2.10 alkenyl, Ca-io alkynyl, Cwo alkoxy, Ci.io alkylthio, amino, alkylamino, 
20 dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Clio alkyl, or C2.10 alkenyl; and 

is alkylene, alkenylene, or aflcynylene, which may be interrupted by one or 
more -O— atoms; 

or a phaimaceutically acceptable salt thereof 
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In another embodiment, a class of inteimediate compounds is rq)resented by 
Formula V: 




(V) 

wherein: 

X is -CH(R5)-, -CH^)-alkylene-, -CH(El5)-alkenylene-, or 
CH(R5)-aDQrlene-Y-alkylene-; 

Ri^ is selected from the group consisting of: 

-alkyU 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkenyl; 
-R^aiyl; 
-Re- heteroaryl; 
-.R^eterocyclyt 
R2 is selected &om the group consisting of: 
-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 

-heteroaiyi; 

-heterocyclyl; 

-alkylene-Y-alkyl; 
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- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkeayl substituted by one or more substituents selected fix)m the 
group consisting of: 

-OH; 

-halogen; 

-NCR5)2; 

-C(0)-CMoalkyi; 

-C(0)-0-CMoa]kyl; 

-N3; 

-aryl; 

-heteroar^ 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroarjd; 
Yis-0-or-S(0)o.2-; 

R3 and R4 are independently selected from the group consisting of hydrogen^ Ci-io 
alkyl, C2-10 alkaiyl, C2-10 alkynyl Cmo alkoxy, Cmo alkylthio, amino, alkylanaino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more — atoms; 

or a phaimaceutically acceptable salt thereof. 
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Li another embodhnent, a class of mteiznediate compounds is represented by 
FonnulaLVni: 




wherein 

X is CT(R5>, <H(R5>allgrlene-, -CH(R5>alke^^^ 
CH0R^5>-aIkylene-Y-aIkylene-; 

R2 is selected from fiie group consisting of: 

-hydrogen; 

-allgrl; 

-alkenyl; 

^aiyl; 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

-alkyl or alkenyl substituted by one or more substitueots selected from the 
group consisting of: 
-OH; 
-halogen; 
-N(R5)2; 

-C(0)-Cmo alkyl; 
-C(0)-0-Cmo alkyl; 



28 



wo 03/103584 



PCT/US03/17659 



5 



-N3; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C:(0)-aryl; and 
-C(0)-heteroaryl; 



Yis-0-or-^(0)o.2S 

R3 and R4 are independenfly selected &om the group consisting of hydrogen, Ci-10 
alkyl, C2.10 aDcenyl, C2A0 alkynyl, Cuo alkoxy, Ci-io aJkylthio, aniino, alkylamino, 
10 dialkylandno, halogen, and nitro; 

each R5 is indqpmdently hydrogen, Cmo alkyl, or C2.10 alkenyl; 
B« is alkjdene^ alkenylme, or alkynylene, v^ch xaay be interrapted by one or 
more -O— atoms; and 

R9 is hydro^n, Q.io alkyl, or arylalkyl; or R9 can join togeth^ with any carbon 
15 atom of R6 to form a ring of the formula 



or a pharmaceudcally acceptable salt thereof. 

In another embodiment, a class of intemiediate com|>ounds is represented by 
Formulas UX-l, LIX-2, and UX-3: 

20 




(CH2)34| 




(LDC-l 
LIX-2 
LIX-3) 



25 



wherein: 



Ri.1,2,3 is Rm in LDC-l, R1.2 in LIX-2, and R1.3 in LIX-3; 
X is -CHCRsK -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or 
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CH(R5>alkylene-Y-alkylene-; 

Ri.i is selected fiom tbe group consisting of: 
-Rff-C^7)-I&-R«— alk^; 
-El«-C(R7)-Z-R8— allonyl; 

-Rfi-C(R7)-Z4U— aiyit 
-Rfi-C(R7)-Z-R8--Iieteroaiyl; 
-R«-C(R7)-5^-R«— lietero<yycl:^; 
-R<r<3(R7)-Z-H; 
-R<rN(R9) -C(R7)-il«-alkyl; 
-Rfi-NCRg) -C(R7>-R8-aIken^; 
-R<rN(R9)-C(R7)-Rs-aiyU 
-R€-N(R9)-C(R7)-RHieteroaryl; 
-R«-N(R9)-C0R.7>-R«-heterocyclyl; and 
-R«-N(R9)-C(R7>-Rio; 
Ri.2 is selected &om the groiq) consisting of: 
-R<5-N(R9)-S02-R8-alkyl; 
-R6— N(Rs)— SO2— R«-alkenyl; 
-R€-N(K9>-S02-R8-aryl; 
-Re-N(R9)-S0r-R8-4eteroaryl; 
-R^N(R9)-S02-R8-I»eterocyclyl; 

-R6-N(R9)-S02-Rm« 

-R6-N(R9>SOrN(R5>R8-alM; 
-R6-N(R9)-S02-N(R5>R«-alkenyl; 
-R6-N(R9)-S02-N(R5)-R8-aryl; 
-R€-N(R9>-SOrN(R5)-R8-lveteroaijd; 
-R6-N^)-SOrN(R5)-R8-heterocyclyl; and 
-R6-N(R9)-S02-NH2; 
R1.3 is selected fiom flie grot^ consisting oft 
-R«-N(R9>-C(R7)-N(R5>-Q-R8-alkyl; 
-R<i-N(El9)-C(R7)— NCRsH^-Rs-alkenyl; 
-R<rN(R9)--C(R7)-N(R5)-Q-Rs-aryl; 
-R<rN(R9)- C(R7)-N(R5)-Q-R8-Iieteroaiyl; 
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-Rfi-N(R9)- C(R7)--N(R5)-Q-R8-^i^erocyclyl; 
-R6-N(R9)-C(R7)-N(R5)2; 

-IVN(R9>C(R7)-N A; 

-R<rN(R9)-<;(R7)— N(Rn)-Q— R«-alkyl; 
-Rfi-NCR^HXR?)— N(Rii)-Q— Rg-alkenyl; 
-R<rNCR9>-C(R7)-N(R.u)-Q-Riraryl; 
-Re-N(R9)- CCRv)— N(Rii)-Q— lU-heteroaiyl; 
-Rff-NCR9)-C(R.7)— N(Rii)--Q— RHieteiocyclyl; and 
-Rfi-N(R9>- C(R7)-N(Ru)H; 
is selected from &e groiip comastmg of: 
-hydio^n; 

-alkeoyl; 
-aryl; 

-hiBtaoaryl; 
-heterocyclyl; 
-alkyieae-Y-alkyl; 
-alkyleae-Y- alkraiyl; 
-alkylene-Y-aryU and 

- alkyl or alkenyl substituted by one or more substitueats selected &om Hie 
group consisting of: 
-OH; 
-halogen; 
-N(R5)2; 

-C(P)-Ci.ioalk5d; 
-C(0)-0-Cmo alkyl; 
-N3; 
-aryl; 

-heteroaiyl; 
-heterocyclyl; 
-C(0)-aryl; and 
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.C(0>heteroaryl; 



5 



Yis-Oor-S(0)o.2-; 
Z is-N(R5>-, or -S~; 
Q is a bond, -CO-, or-SOr-; 

A i^esents the atoms necessaiy to provide a S- or 6-membered heterocyclic or 



heteroaroxnatic ring that contains up to tfarce heteroatoms; 

R3 and R4 are independently selected from the group consisthig of hydrogen, Ci.io 
all^ Cmo alkenyl, C2.10 alkynyl, Q.io alkoxy, Ci.io a]k]dthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 



Re is alkylene, alkenylene, or alkyaylene, which may be intemq>ted by one or 
m<m-0- groins; 

R7is=0or==S; 

Rfi is a bond, alkylene, alkenylene, or alkyoylerie, which maybe interrupted by one 
15 or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together wifli any carbon 
atom of R6 to form a ring of the formula 



10 



each R^ is independCTtly hydrogen, Ci-io alkyl, or C2.10 alkenyl; 




Rio is hydrogen or Cmo alkyl; or R9 and Rio can join together to fonn a ring 



20 selected from 




Ru is Ci-10 alkyl; or R9 and Rn can join together to form a ring having the 



stmcture 



— N-C(R7) 



( y- 

^^"^^^•^ ; and 



25 



R12 is C2.7 alkylene which is straigjit chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically acceptable salt thereof. 
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In another embodimeat, a class of intermediate compomds is represented by 
Formulas LIX-4, and LIX-5: 




wherein: 

Rm, 5 is Rm in LIX-4, and R1-5 in LIX-5; 
10 X is -CH(R5)-, -CH(R5)-alkylene-, -CH(R5>alkenylene-, or 

CH(R5)-alkylene-Y-alkylenes 

Rm is selected from the group consisting of: 
-alkenyl; 
-aryl; and 

15 -R6-aryl; 

R1.5 is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R^- heteroaryl; and 
20 -R^-heterocyclyl; 

R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-alkenyl; 
25 -aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

-alkylene-Y- alkenyl; 
30 -alkylene-Y-aryl; and 
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- alkyl or alkenyl substituted by one or more substitaents selected fiom the 
group consisting of: 
-OH; 
-halogm; 
-N(R5)2; 

-C(0)-Ci.io allsyl; 
-C(0)-0-Cmo alkyl; 
-N3; 
-aryl; 



10 

-heterocyclyl; 
-C(0)-atyl; and 
-C(0)-heteroaryl; 
Yi£M>-or-S(0)(K2-; 

15 R3 and R4 are independently selected from ttie group consisting of hydrogen, Cmo 

alkyl, C2.10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylfhio, anuno, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Ci^io alkyl, or C2-10 alkenyl; and 
Re is all^ylene, alkenylene, or alkynylene, which may be interrupted by one or 
20 more -O- groups; 

or a pharmaceutically acceptable salt tiiereof . 

In anotho: embodiment, a class of intermediate compounds is represented by 
Formula LXXVm: 




(LXXVm) 



wherein 
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X is -CH(R5>, -CH(R5)-alkyleae-, -C3I(R5>-alkeayleQe-, or 



CH(R5)-alkyleiie-Y-aIkjd^e-; 

Yis-0-or-S(0)o-2-; 
BOC is t^-butoxycarbonyl; 

eachRs is independently hydrogen, Cmo alkyl, or Cz-io alkenyl; 



R3 and R4 are independently selected from the groiq) consisting of hydrogen, d-io 
alkyl, C2.10 alkenyl, C2.10 alkynyl, Ci.io alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

R5 is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
10 more -O— atoms; 

R9 is hydrogen, Ci-io alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of &6 formula 



T is selected from nitro and amino; 
IS or aphannaceutically accqptable salt thereof. 

In another embodimeat, a class of intermediate conqpounds is represented by 
Formula LXXK: 



25 allQrl, Cj-io alkenyl, C2.10 alkynyl, Ci-io alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 





(LXXIX) 



20 wherein 



X is -CHCRsh -CH(R5)-alkylene-, -CHCElsValkenylene-, or 



C3a[(K5)-alkylene-Y-alkylene-; 
Yis-0-or-S(0)o-2S 

R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
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each R5 is independently hydrogen, Cwo alkyl, or C2.10 alkenyl; and 

T is selected from nitro and amino; 
or a phaimaceutically acceptable salt thereof. 

In another embodiment, a class of intermediate componzuls is represented by 
Fomiulas LXXX-4 and LXXX-5: 




^1-4, 5 

(LXXX-4 
LXXX-5) 



wherein 

Rm. 5 is Rm in LXXX-4, and R1.5 in LXXX-5; 
X is -CH(R5K -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or 
CHCR5)-alkylene-Y-alkylene-; 
Yis-(>-or-^;(0)o.2-; 
Ri^ is selected from the group consisting of: 

-heteroaryl; 

-heterocyclyl; 

-R^- heteroaryl; and 

-R^-ieterocyclyl; 
Ri-4 is selected from the groiq) consisting of: 

-alkenyl; 

-aryl; and 

-Re-^l; 

R3 and R4 are independently selected from Ihe group consisting of hydrogen, Cmo 
alkyl, C2.10 alkenyl, C2.10 alkynyl, Cwo alkoxy, Cmo alkylthio, amino, alfcjiamino, 
dialkylamino, halogen, and nitro; 

each R5 is mdependently hydrogen, Cmo alkyl, or C2-10 alkenyl; 
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R6 is alkylen^ alkenylene, or alkynylene, which may be iaterrapted by one or 
more -O- groups; and 

T is selected fix>m nitro axid aixuno; 
or a phaimaceaticaliy acceptable salt thereof. 

5 

Preparation of the Compounds 

Some embodiments of the invention including compounds Formula 1-6 and 
intermediate compounds can be prepared according to Reaction Scheme I where Ki^, R2, 
R3, R4, and X are as defined above and Ph is phenyl. 

10 In step (1) of Reaction Scheme I, a 2,4-dihydroxy-3-nitropyridine of Formula X is 

chlorinated using conventional chlorinating agents to provide a 2,4-dichloro-3- 
nitropyridine of Formula XI. Preferably, a compound of Formula X is combined with 
phosphorous oxychloride and heated. Many 2,4-dihydroxy-3-nitropyridines are known 
and others can be readily prepared using known synthetic methods, see for exazc^le, 

15 Lindstrom et aL, U.S. Patmt No. 5,446,153 and the references cited therein. 

Iq step (2) of Reaction Scheme a 2,4-^chloro-3-mtropyridiQe of Formula XI is 
reacted with an amiae of formula HO-X-MH2 to provide a 2-chloro-3-nitropyridine of 
Formula Xn. The reaction can be carriedoutby adding the amine to a solution of a 
compound of Formula XI in a suitable solvent such as NJ^-duneth^ormamide in the 

20 presence of triethylamine. Many amines of the formula H0-X-!NH2 are conunercially 
available; others can be readily prepared using known synthetic metibods. 

In step (3) of Reaction Scheme I, a 2-chloro-3-nitFopyridine of Formula Xn is 
reacted with sodium phenoxide to provide a 3-nitro-2-phenoxypyridiae of Formula XIII. 
Phenol is reacted with sodiimi hydride in a suitable solvmt such as tetrahydrofuran to 

25 form the phenoxide. The phenoxide is then reacted at an elevated temperature with a 
compound of Formula XIL 

In step (4) of Reaction Scheme I, a 3-rutro-2-phenoxypyridine of Formula XHI is 
chlorinated using conventional chlorinating agents to provide a 3-mtro-2*'phenoxypyridine 
of Formula XIV. Preferably, the reaction is carried out by combining a compound of 

30 Formula Xm with thionyl chloride in a suitable solvent such as dichloromethane and 
heating. 
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In step (5) of Reaction Scheme I, a 3-iiitro-2-pheiioxypyridiiie of Foimula XIV is 
reduced to provide a 2-phenoxypyridine-3,4-dianune of Formula XV. Preferably, the 
reduction is carried out using a conventional heterogeneous catalyst such as platinuin on 
carbon. The reaction can be conveniently carried out on a Parr apparatus in a suitable 
5 solvent such as toluene or acetonitrile. 

Alternatively in step (5), Ni2B can be generated in situ ftom sodium borohydride 
and NiGb in the presence of metbanoL A compound of Formula XIV can be added to the 
resulting reducing agent solution to effect reduction of the nitro groiQ). When a conipound 
of Fomiula XIV contains an alkenyU alkynyl, alkenylene or alkynylene moiety, the MiiB 

10 reducing agent can be used without reducing these moieties. The product can be isolated 
from ttie reaction mixture using conventional methods. 

In step (6) of Reaction Scheme I, a 2-phenoxypyridine-3,4-diamine of Formula XV 
is reacted with a caiboxylic acid or an equivalent tii^reof to provide a 4-phenoxy-lff- 
imidazo[4,5-c]pyridine of Formula XVI. Suitable equivalents to a carboxylic acid include 

15 orthoesters, and 1,1-dialkoxyaIlcyl alkanoates. The caiboxylic acid or equivalent is 
selected such that it will provide the desired R2 substituent in a compound of Formula 
XVI, For example, triethyl orthofonnate will provide a compound where R2 is hydrogen 
and trimethyl orthovalerate will provide a compound where R2 is butyl. The reaction can 
be run in the absence of solvent or in an inert solvent such as toluene. The reaction is run 

20 with sufBcient heating to drive off any alcohol or water formed as a byproduct of the 
reaction. Optionally, a catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (6) can be carried out by (i) reacting the diamine of Formula 
XV with an acyl halide of Formula R2C(0)C1 or R2C(0)Br and then (n) cyclizing. In part 
(Q, tiie acyl halide is added to a solution of the diamine in a suitable solvent such as 

25 pyridine. The reaction can be carried out at ambient temperature. In part Qi), the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 

In step (7) of Reaction Scheme I, a 4-phenoxy-li]r-imidazo[4,S-c]pyridine of 
Formula XVI is reacted wifli a compound of Formula R^SNa to provide a 2-phenoxy-lJy- 
imida2o[4,5-c]pyridine of Formula Dl Preferably, a thiol of the Formula Ri-6SH is reacted 

30 with sodium hydride in a suitable solvent such as NJN[-dimethylformamide to generate the 
anion, which is then reacted with a compound of Formula XVL 
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In Step (8) of Reaction Scheme I, a 4-phenoxy-lH-imi(iazo[4,5-c]pyridme of 
Formula III is aimnated to provide a l^^imidazo[4,5-c]pyridin-4-amine of Formula XVn 
which is a subgaius of Fonnula 1-6. The reaction can be carried out by combining a 
concrpound of Fonnula HI with ammonium acetate and heating (140 - 160°C). Optionally, 
5 the reaction can be carried out in a pressure vessel. The product or a phannaceutically 
acceptable salt thereof can be isolated using conventional methods. 

In step (9) of Reaction Scheme I, a ljff-imidazo[4,5-c]pyridia-4-amine of Formula 
XVn is oxidized to provide a ljEr-imidazo[4^-<:]pyridinr4-amine of Fonnula XVm which 
is a subgenus of Formula 1-6. Preferably, a solution of a compound of Fonnula XVn in a 
10 suitable solvent such as chloroform or dichloromeAane is treated with 3- 

cbloroperoxyben2X>ic acid. The degree of oxidation is contcolled by adjusting the amount 
of 3-chloroperoxybeaxzoic acid used in ttie reaction; Le., using approximately one 
equivalent will provide the sulfoTcide wheieas using two equivalents will provide the 
sulfone. The product or a pharmaceutically acceptable salt thereof can be isolated using 
IS conventional methods. 

Alternatively, stq)s (8) and (9) of Reaction Scheme I can be reversed as shown in 
steps (10) and (1 1). In stq) (10) of Reaction Scheme I, a 4-phenoxy-lJT-imidazo[4,5- 
c]pyridine of Formula III is oxidized as in step (9) to provide a 4-phenoxy-lfl- 
imidazo[4,5-c]pyridin-4-amine of Formula XLin. Preferably, the oxidation reaction is 
20 carried out at a reduced temperature, for example, about 0 °C. The product or a 

pharmaceutically acceptable salt tiiereof can be isolated using conventional methods. 

In stq) (11) of Reaction Scheme I, a 4-phenoxy-lff-imidazo[4,5-c]pyridin-4-amme 
of Fonnula XLin is aminated as in step (8) to provide a l/f-imidazo[4,5-c]pyridin-4- 
amine of Formula XVin which is a subgenus of Fonnula 1-6. The product or a 
25 pharmaceutically accq)table salt thereof can be isolated using conventional methods. 
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Reaction Scheme I 




5 Some embodiments of the invention including compounds of Formula I-l, 1-2, 1-3, 

and intemiediate compounds can be prepared according to Reaction Scheme II where Rm, 
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2, 3 (Ri-i, Ri-2, and R1-3), R2, R3, R4, R6, R9 and X are as defined above and BOC is teit-, 
butoxycarbonyL 

In step (1) of Reaction Scheme n, the amino group of an aminoalcohol of Foimnla 

XIX is protected with a rerr-butoxycarbonyl group to provide a compound of Formula XX. 
A solution of the aminoalcohol in tetrahydrofuran is treated with di-tert-butyl dicarbonate 
in the presence of a base such as sodium hydroxide. Many aminoalcohols of Formula XK 
are commercially available; others can be prepared using known synthetic methods. 

hi stq> (2) of Reaction Scheme II, a protected amino alcohol of Formula XX is 
converted to a methanesulfonate of Formula XXI. A solution of a compound of Formula 

XX in a suitable solvent such as dichloromethane is treated with methanesulfonyl chloride 
in the presence of a base such as triethylamine. The reaction can be carried out at a 
reduced temperature (0°C). 

hi step (3a) of Reaction Scheme 11, a methanesulfonate of Formula XXI is 
converted to an azide of Formula XXIL Sodium azide is added to a solution of a 
compound of Fomiula XXI in a suitable solvent such as NJNf-dimethylformamide. The 
reaction can be carried out at an elevated tonperature (80 - lOO^C). 

In step (3b) of Reaction Scheme II, a compound of Formula XXII is alkylated with 
a hahdeofFonnulaHal-R9 to provide a coinpound of Formula XXQL Lacon^unds 
where R9 is hydrogen, this step is omitted* The compound ofFonnulaXXn is reacted 
with sodium hydride in a suitable solvent such as N^N-dime&jdformamide to fisnn the 
anion and then combined with the halide. The reaction can be carried out at ambimt 
temperature. 

In stq) (4) of Reaction Scheme II, an azide of Formula XXIII is reduced to provide 
an amine of Formula XXIV. Preferably, the reduction is carried out using a conventional 
heterogeneous hydrogenation catalyst such as palladium on carbon. The reaction can 
convenientiy be carried out on a Parr apparatus in a suitable solvent such as toluene. 

In step (5) of Reaction Schane n, a 2,4-dichloro-3-nitropyridine of Formula XI 
(see Reaction Scheme I) is reacted with an amine of Formula XXIV to provide a 2-chloro- 
3-nitropyridine of Formula XXV. The reaction can be carried out by adding an amine of 
Formula XXIV to a solution of a compound of Formula XI m a suitable solvent such as 
N,N-dimethylfbnnamide in the presence of a base such as triethylamine. 
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la Step (6) of Reaction Scheme U, a2-cliloro-3-iiitropytidine of Foimula XXV is 
reacted with sodium pheaoxide to provide a3-mtro-2-pheDOxypyridine of Fomula XXVI. 
Vhmol is reacted with sodium hydride in a suitable solvent such as tetrahydiofuran to 
fonn the pheaoxide. The pheaoxide is then reacted at an devated tenq)erature wi& a 
5 conq)oand of Fomula XXV. 

In step (7) of Reaction Scheme D, a3-mtro-2-phenoxypyridine of FomnilaXXVI 
is reduced to provide a 2-phenoxypyridin&-3,4-diamine of Fomula XXVIL Preferably, 
the reduction is carried out using a conventional heterogeneous catalyst such as platinum 
on carbon. The reaction can be conveniently carried out on aParr ^aratus in a suitable 
10 solvent such as, for exanq>le, toluene, 2-propanol, eftanol, and mixtures fliereof 

Alternatively in step (7), NItB can be generated m situ ftom sodium borohydride 
and NiCl2 in the presence of melhanol. A comqpound of Formula XXVI can be added to 
the resulting reducing agent solution to effect reduction of tiie nitro group. When a 
compound of Fomula XXVI contains an alkenyl, alkynyl, alkenylene or alkynylene 
15 moiety, the Ni2B reducing agent can be used without reducing these moieties. The 
product can be isolated from tiie reaction mixture using conventional metiiods. 

In step (8) of Reaction Scheme II, a 2-phenoxypyridine-3, 4-diamine of Fomula 
XXVn is reacted with a caiboxylic acid or an equivalent thereof to provide a 4-phenoxy- 
lfl'-imidazo[4,5-c]pyridine of Fomula XXVm. Suitable equivalents to a carboxyUc acid 
20 include orthoesters, and 1,1-dialkoxyalkylalkanoates. The carboxyUc acid or equivalent 
is selected such that it will provide the deared Ra substituent in a conqwund of Formula 
XXVnL For exanq>le, triethyl orthofiarmate will provide a conq[>ound where Ra is 
hydrogen and trimethylorfliovalerateWill provide a con:q)ound where Ra is bu^L The 

reaction canbe run in tiie absojce of solvent or in an inert solvait such as toluaie. The 
25 reaction is run with sufficient heating to drive off any alcohol or water fomed as a 
byproduct of tiie reaction. Optionally, a catalyst such as pyridme hydrochloride can be 
included. 

Alternatively, step (8) can be carried out by (i) reacting the diamine of Fomula 
XXVn witti an acyl haHde of Fomula R2C(0)C1 or R2C(0)Br and tiien (ii) cyclizing. In 
30 part (i), tiie acyl halide is added to a solution of the diamine m a suitable solvait such as 
pyridine. The reaction can be carried out at ambient temperature. In part (ii), the product 
of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 
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In step (9) of Reaction Scheme II, a 4-phenoxy4jff-inudazo[4,5-c]pyridine of 
Fonnula XXVIII is aminated to provide a (4-animo-ljiy-imidazo[4,5- 
c]pyridinyl)acetaimde of Formula VI. The reaction can be carried out by combining a 
compound of Formula XXVIII with ammonium acetate and heating (140 - 160°C). 
5 Optionally, the reaction can be carried out in a pressure vessel. 

In step (10) of Reaction Scheme II, (4-amino-lJy-tmidazo[4,5- 
c]pyridinyl)acetamide of Formula VI is hydcolyzed under acidic conditions to provide a 
lH-imidazo[4,5-^]pyridin-4-aniine of Formula BL Preferably, a compound of Formula VI 
is treated with hydrochloric acid/ethanol at an elevated ten^erature. 
10 la step (11) of Reaction Scheme a li?-imidazo[4,5-c]pyridin-4-amine of 

Formula II is converted to a lff-imidazo[4,5-c]pyridin-4-amine of Formula 1-2 usmg 
conventional methods. For example, sulfonamides of Formula 1-2 can be prepared by 
reacting a compound of Formula II witii a sulfonyi chloride of Formula RciS(C)2)Cl, where 
R4 is R«-aIkyl, Rs-alkmyl, Rs-aryl, Rg-heteroaryi or R«-heterocyclyL The reaction can be 
15 carried out by adding the sulfonyi chloride to a solution of a compound of Formula II in a 
suitable solvent such as chloroform at ambient temperature. Sul&mides of Fonnula 1-2 
can be prepared by reacting a compound of Formula II with sulfiiryl chloride to generate a 
sulfemoyl chloride in situ and tiien reacting flie sulfiimoyl chloride wilh an amine of 
Formula HNRsRa. The product or a pharmaceutically acceptable salt thereof can be 
20 isolated using conventional methods. 

Amides of Formula I-l can be prepared from ljy-bmdazo[4,5-c]pyridin-4-amines 
of Fonnula n using conventional methods. For example, a compound of Fonnula II can 
be reacted with an acid chloride of Formula RaC(0)CL The reaction can be carried out by 
adding the acid chloride to a solution of a compound of Formula n in a suitable solvent 
25 such as chloroform, optionally hi the presence of a base such as triefhylamme, at ambient 
temperature. The product or a pharmaceutically acceptable salt thereof can be isolated 
usrog conventional methods. 

Ureas and thioureas of Formula 1-3 can be prepared from liy-iinidazo[4,5- 
c]pyridin<4-amines of Formula n using conventional methods. For «ample, a compound 
30 of Formula E can be reacted with an isocyanate of Formula RJ^=00. The reaction can 
be caixied out by adding the isocyanate to a solution of a compound of Formula H in a 
suitable solvent such as chloroform, optionally in the presence of a base such as 
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triethylamine, at ambient temperature. Alternatively, a compound of Foxmula II can be 
reacted with a thioisocyanate of Formula RaN=OS, a sulfonyl isocyanate of Formula 
IUS(02)N=C=0 or a carbamoyl chloride of Fomwila RJSfC(0)CL The product or a 
phannaceutically acceptable salt thereof can be isolated using conventional methods. 
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Some embodiments of the invention including compoimds of Formulas 1-4, 1-5, 
and intermediate compounds can be prepared according to Reaction Scheme HI where 
Rm,5 (Rm and R1-5), R2, R3, R4, X, and Ph are as defined above. 
5 In step (1) of Reaction Scheme m, a 2,4-dichloro-3-nitropyridine of Formula XI is 

reacted with an amine of formula RM-O-X-NH2 or Ri-5-0«-X-NH2 to provide a 2-<)hloro-3- 
nitropyridine of Formula XXIX-4 or XXIX-5. The reaction can be carried out by adding 
the amine to a solution of conq)ound of Formula XI in a suitable solvent such as N, N- 
dimethylformamide in the presence of triethylamine. The product of the reaction can be 

10 isolated &om the reaction tnixtuie using conventional methods. Many amines of the 

formula RM-O-X-NH2 or R1.5-O-X-NH2 are commercially available; others can be readily 
prepared using known synthetic mefliods* For example, b^izyloxyethylanoine 
hydrochloride can be prepared by reacting ieri-hutyl 2-(hydroxy)efhylcazbamate with 
benzyl bronude in the presence of sodium hydroxide and ben2yltrimethylanunonium 

IS chloride, and then converting the resulting tert-hutyl 2-(benzyloxy)ethylcaibamate to 
ben^loxyethylamine hydrochloride in the presence of hydrochloric acid, ethanol, and 
watCT. 

In other exanq)les, 2-(3-pyridin-3-yl-propoxy)ethylamine and 2-[3-(l,3-thiazol-2- 
yI)propoxy]ethylamine can be prepared by reacting tert-hntyl 2-(hydroxy)ethylcarbamate 

20 with 3-bromopropyne under the phase transfer conditions described above. The resulting 
/ert-butyl 2-^rop-2"ynyloxy)ethylcarbamate can be coupled with heteroaryl bromides 
such as 3~bromopyridine and 2-bromothiazole by means of a palladium complex generated 
firom a palladium catalyst such as dichlorx)bis(triphenylphosphine)palladium (D) in the 
presence of copper (I) iodide and a base such as triethylamine. The reaction is 

25 conveniently carried out in a suitable solvent such as acetonitrile and can be heated at an 
elevated temperature. The products fiom the coi^ling reaction can be hydrogenated in the 
presence of a conventional heterogeneous catalj^ such as 10% palladium on caibon« The 
hydrogenation reaction is convenienfly carried out in a Parr vessel m a solvent such as 
methanol Finally, the resulting tert-hutyl 2-(hetmar)ipropoxy)ethylcazbamates can be 

30 deprotected to provide 2-0ieteroary]^ropoxy)elhylamines under conditions described 
above. 
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Iq step (2) of Reaction Scheme m, a 2-chloTO-3-nitropyridme of Foimula XXIX-4 
or XXIX-5 is reacted with sodium phenoxide to provide a 3-mtro-2-phenoxypyridine of 
Formula XXX-4 or XXX-5. Phenol is reacted with sodium hydride in a suitable solvent 
such as diglyme (bis(2-methoxyethyl) ether) to form the phenoxide. The phenoxide is 
5 then reacted at an elevated teixq)erature with a compound of Formula XXIX-4 or XXIX-5. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme m, a 3-nitro-2-phenoxypyridine of Fonnula XXX- 
4 or XXX-5 is reduced to provide a 2-phenoxypyridine-3,4-diamine of Formula XXXI-4 
or XXXI-5. Preferably, the reduction is carried out using a conventional heterogeneous 
10 catalyst such as platinum on carbon. The reaction can be conveniently carried out on a 
Pacr sqpparatus in a suitable solvent such as toluene. 

Alternatively in step (3), Ni2B can be generated in situ from sodium borohydride 
and Kidi in the presence of methanol. A compound of Formula XXX-4 or XXX-5 can be 
added to the resulting reducing agent solution to effect reduction of the nitro gjx>\sp. When 
15 a conqpound of Formula XXX-4 or XXX-5 contains an alkenyl, alkynyl, alkenylene or 
alkynylene moiety, the NiiB reducing agent can be used without reducing these moieties. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme m, a 2-pIienoxypyridine-3,4-dianaine of Fonnula 

XXXI- 4 or XXXI-5 is reacted with a caiboxylic acid or an equivalent thereof to provide a 
20 4-phenoxy-lir-inudazo[4,5-c]pyridine of Fonnula XXXn-^ Suitable 

equivalents to a carboxylic acid include orthoesters, 1,1-diaIkoxyalkyl alkanoates, 
corresponding acyl halides, and mixtures thereof. The carix>xytic acid or equivalent is 
selected such that it wiU provide the desired Ra substituent in a compound of Fonnula 

XXXII- 4 or XXXn-5. For example, triethyl orflioformate will provide a compound where 
25 R2 is hydrogen and trunethyl orthovalerate will provide a compound where R2 is butyl 

The reaction can be run in the absence of solvent or in an inert solvent such as toluene. 
The reaction is run with sufficient heating to drive off any alcohol or water formed as a 
byproduct of the reaction. Optionally, a catalyst such as pyridine hydrochloride can be 
included. 

30 Alternatively, step (4) can be carried out by (i) reacting the diamine of Formula 

XXXI-4 or XXXI-5 with an acyl halide of Fonnula R2C(0)C1 or R2C(0)Br and then (ii) 
cycKzing. In part (i), the acyl halide is added to a solution of the diamine in a suitable 
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solvent such as pyridine. The reaction can be carried out at ambient temperature. In part . 
(ii), the product of part (i) is heated in pyridine in the presence of pyridine hydrochloride. 
The product can be isolated from the reaction mixture using conventional methods. 

In step (5) of Reaction Scheme HI, a 4-phenoxy-lfl'-imidazo[4,5-c]pyridine of 
Fonnula XXXn-4 or XXXn-5 is aminated to provide a lJ?-iniidazo[4,5-c|pyridin-4-ainine 
of Formula 1-4 or 1-5. The reaction can be cairied out by combining a compound of 
Formula XXXn-4 or XXXn-5 with ammonium acetate and heating (140 - 160"C). 
Optionally, the reaction can be carried out in a pressure vessel. The product or a 
phaimaceutically acceptable salt thereof can be isolated usmg conventional methods. 

In Reaction Scheme m, when Rm. 5 is Rm the products of steps (1H5) are of the 
FomiulasXXIX-4,XXX-4,XX3a-4, jDCXn-4,aru^ Likewise, when Ri. 

4, 5 is R1.5 the products of steps (1H5) are of the Formulas XXIX-5, XXX-5, XXXI-5, 
XXXn-5,and 
1-5. 



Reaction Sdieme HI 




Some embodiments of the invention including compounds of Formula I-l and 
intermediate compoimds can be prepared according to Reaction Scheme IV where 
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Rm, R2, R3, R4, X, and Ph are as defined above, and Ac is acetyl 

In step (1) of Reaction Scheme IV, a 3-nitro-2-plienoxypyridine of Fonnnla Xin is 
esterified to provide a 3-nitro-2-plienoxypyridine acetate of Fonnula XXXni. Preferably, 
the esterification is carried out using acetic anhydride in suitable solvents such as 
anhydrous dichloromethane and pyridine. The product can be isolated from the reaction 
mixture using conventional methods. 

In step (2) of Reaction Scheme IV, 3-nitro-2-phenoxypyridine acetate of Formula 
XXXM is reduced to provide a 2-phenoxypyridine-3,4-diamine Fonnula XXXIV. 
Prefexably, the reduction is carried out using a conventional heterogeneous catalyst such as 
platinum on cari>on. The reaction can be conveniently canied out on a Parr apparatus in a 
suitable solvent such as toluene. 

Alternatively in step (2), NiiB can be gen^ed in situ fiom sodium borohydride 
and NiCl2 in the presence of methanol A compound of Formula XXXm can be added to 
the resulting reducing agent solution to effect reduction of the nitro group. When a 
compouiid of Fonnuk XXXin contains an alkenyl, alkynyl^ 
moiety, the Ni2B reducing agent can be used without reducing tiiese moieties. The 
product can be isolated from the reaction mixture usmg conventional methods. 

In step (3) of Reaction Scheme IV, a 2-phenoxypyridine-3,4-diamine of Fonnula 
XXXIV is reacted with a caiboxylic acid or an equivalent thereof to provide a 4-phenoxy- 
li?-imidazo[4,5"C]pyridrne of Fonnula XXXV. Suitable equivalents to a carboxylic acid 
include orthoesters, 1,1-dialkoxyalkyl alkanoates, corresponding acyl halides, and 
mixtures thereof. The carboxylic acid or equivalent is selected such that it will provide the 
desired R3 substituent in a compound of Fonnula XXXV. For example, triethyl 
orthoformate will provide a compound where R2 is hydrogen and trimethyl orthovalerate 
will provide a compound where R2 is butyl. The reaction can be run in the absence of 
solvent or ia an inert solvent such as toluene. The reaction is run with sufficient heating to 
drive off any alcohol or water formed as a byproduct of the reactioxL Optionally, a 
catalyst such as pyridine hydrochloride can be included. 

Alternatively, step (3) can be carried out by (i) reacting the diamine of Formula 
XXXIV wilh an acyl halide of Fonnula R2C(0)C1 or R2C(0)Br and then (n) cyclizing. In 
part (1), the acyl halide is added to a solution of the dianoine in a suitable solvent such as 
pyridine. The reaction can be carried out at ambient tempemture. In part (ii), the product 
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of part (i) is heated in pyridine in the presence of pyridine hydrochloride. The product can 
be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme IV, a 4-phenoxy-l-H-imidazo[4,5-c]pyridine acetate 
of Formula XXXV is hydrolyzed to provide a 4-phenoxy-l/ir-imidazo[4,5-c]pyridine 

5 alcohol of Formula XXXVI. The reaction is preferably carried out in methanol in the 
pres^e of potasdum carbonate at an elevated tenqierature. The product can be isolated 
from the reaction mixture using conymtional methods. . 

In step (5) of Reaction Scheme IV, a 4-phenoxy-lJ?-imidazo[4,5-c]pyridine 
alcohol of Formula XXXVI is reacted witti a compound of formula Halo-RM to provide a 

10 4-phmoxy-Lff-imidazo[4,5-c]pyridine of Formula XXXII-4. The reaction can be carried 
out by first reacting the alcohol of Formula XXXVI ivith sodium hydride in a suitable 
solvent such as N,N-dim6tfaylformamide to form the corresponding anion and then 
reacting the anion with a compomid of fomiula Halo-RM. The product can be isolated 
from the reaction mixture using conventional methods. 

15 In step (6) of Reaction Scheme IV, a 4-phenoxy-li?-itnidazo[4,5-c]pyridine of 

Formula XXXII-4 is aminated to provide a l/Z-imidazo[4,5-c]pyridin-4-aniine of Formula 
1-4. The reaction can be carried out by combining a compound of Formula XXXII-4 wifli 
ammonium acetate and heating (140 - 160^C). Optionally, the reaction can be carried out 
in a pressure vessel The product or a pharmaceutically acc^table salt thereof can be 

20 isolated uang conventional methods. 
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Reaction Scheme IV 




Some embodiments of the invention including compounds of Foraiula XXXIX an 
intemediate compounds can be prepared according to Reaction Scheme V where R2, R3, 
R4, X, and Ph are as defined Jibove, andRu is arj^ substituted aryl, heteroaryl, or 
substituted heteroarj^. 

10 In step (1) of Reaction Scheme V, the aDcyne bond of a 4-phfinoxy-lJT- 

imidazo[4,5-c]pyridine of Formula XXXVJI, which is a subgenus of Fomnila XXXn-4 c 
XXXn-5, is reduced to form a 4-phenory-lH-imidazo[4^-c]pyridine of Formula 
XXXVm, which is also asubgenus of Formula XXXn-4 orXXXn-5. Preferably, flie 
reduction is earned out using a conventional heterogeneous catalyst such as platinum 

15 oxide, platinum on carbon, or paUadium on carbon. The reaction can convenientiy be 
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carriedoutonaPair^aratusmasuitsiblesolventsucliasmethanol. The product can be 
isolated fiom &e reaction mixture usmg convcational methods. 

Jn step (2) of Reaction Scheme V, a 4-phenoxy-m-imidazo[4,5-c]pyridine of 
FoimulaXXXVffl is aminated to provide a lfl:.imidazo[4^-c]pyridin-4-amine of Formula 
XXXK, which a sobgenns of Fonnula 1-4 or 1-5. The reaction can be carried out by 
combining a compoimd of Famnla XXXVm wifli ammonimn acetate and heating (140 - 
160°C). Optionally, the reaction can be carried out in a pressure vessel The product or a 
pharmaceulically acceptable salt fliereof canbe isol 



10 



Reaction Scheme V 




XXXVII 



(9*^2)3-12 



15 



Some embodiments of the invention including compounds of Formula 1-4 and 
intermediate compounds can be prepared according to Reaction Scheme VI where 
Rm, Ra, R3, R4, X, and Ph are as defined above. 

In step (1) of Reaction Scheme VI, a 2-chloro-3-mtropyridine of Formula XXIX-4, 
prepared as described m Reaction Scheme HI, is reduced to provide a 2-chloropyridme- 
20 3,4-diamine of Formula XL. Preferably, the reduction is carried out using a conventional 
heterogeneous catalyst such as platinum on carbon or palladium on carbon. The reaction 
can be conveniently carried out on a Parr apparatus in a suitable solvent such as toluene. 

Alternatively in step (1), W can be generated in situ firom sodium borohydride 
and Nia2 in &e presence of methanoL A compound of Formula XXIX-4 can be added to 
25 the resulting reducing agent solution to effect reduction of the nitro group. When a 
compound of Fonnula XXIX-4 contains an alkenyl, aDcynyl, alkenylene or alkynylene 
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moiety, the Ni2B reducing agent can be used without reducing Ihese moieties. The 
product can be isolated from the reaction mixture using conventional mefliDds. 

In step (2) of Reaction Scheme VI, a 2-chloropyridin©-3,4-diamine of Fonxmla XL 
is reacted With a caiboxylic acid or an equivalent tiiereof to provide a 4-chloro-lH- 
imidazo[4,5-c]pyridine of Fonnula XLIL Suitable equivalents to a carboxyUc acid include 
orthoesters, 1,1-dialkoxyalkyl alkanoates, corresponding acyl haHdes, and mixtures 
thereof. The caiboxylic acid or equivalent is selected such that it will provide Ihe desired 
substituent in a compound of Formula XLIL For example, triethyl orthofoimate will 
provide a compound where R2 is hydrogen and tiimefhyl orthovalerate will provide a 
compound where Ra is butyl The reaction can be run in the absence of solvent or in an 
inert solvent such as toluene. The reaction is run with sufficient heating to drive off any 
alcohol or water fbrmed as abyproduct of the reaction. Optionally, a catalyst such as 
pyridine hydrochloride can be included. 

Altetnatively, step (2) can be canied out by (2a) reacting the diamine of Forraola 
XL wifli an acjd hahde of Formula RaC(0)a or RaC(0)Br and tiien (2b) cyclizing. For 
example, in part (2a), tiie acyl haUde is added to a solution of Ihe diamine of Formula XL 
in an inert solvent such as dicUoromefliane or acetonitiile. The reaction can be carried out 
at ambient temperature. Optionally, a tertiary amine, for exanq)le trietiiyhamne, is 
included. In part (2b), Ihe product of part (2a), a conqjound of Formula XLI, is heated at 
reflux in a suitable solvent such as efhanol in the presence of triethyiamine. The product 
can be isolated from the reaction mixture using conventional methods. 

la step (3) of Reaction Scheme VI, a 4-chloro-lf?-miidazo[4,5-c]pyridine of 
Fonnula XLH is reacted witii sodium phenoxide to provide a 4-pheaoxy-lfl-iniidazo[4,5- 
c]pyridine of Fonnula XXXn-4. Phenol is reacted with sodium hydride in a suitable 
solvent such as diglyme (bis(2-metiioxyeaiyl) ether) to form the phenoxide. The 
phenoxide is tiiea reacted at an elevated temperature with a compound of Formula XLIL 
The product canbe isolated from the reaction mixture using conventional metiiods. 

In step (4) of Reaction Scheme VI, a 4-phenoxy-lff-imidazo[4,5-c]pyridine of 
Formula XXXn-4 is aminated to provide a lH-iniidazo[4,5-c]pyridin-4-amine of Formula 
1-4. The reaction can be carried out by combining a compound of Formula XXXn-4 witii 
ammonium acetate andheating (140 - 160»Q. Optionally, the reaction canbe carried out 
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in a pressure vessel The product or a pliannaceutically acceptable salt thiereof can 
isolated using conventional methods. 



Reaction Sdieme VI 




Some embodiments of the invention including compounds of Formulas XLV-1, 
XLV-2, XLV-3, XLVI-1, XLVI-2, XLVI-3, and intermediate compounds can be prepared 

10 according to Reaction Scheme VE where Rm. 2, 3 (Ri-i. Rm» Rm). R2, Re, R9. and X are as 
defined above, R4a is -Br or -NO2, and R4b is C2-10 alkynyl and Ci-w aBcyL 

In step (1) of Reaction Scheme VII, bromination or nitration of a (4-aminD-LffT 
imidazo[4,5-c]pyridinyl)acetamide of Formula Via provides a (7-subsfituted)-(4-amino- 
lff.iniidazo[4,5^]pyridinyl)acetamide of Formula XUV. The bromination reaction can 

15 be carried out by treating flie acetamide of Formula Via in a sohition of acetic acid -with 
bromine and potassium acetate at ambient tenq>erature. The direct nittation reaction can 
be carried out by treating the acetamide of Formula Via with one equivalent of nitric acid 
in flie presence of excess acetic acid and heating flie reaction, optiwially, at rrflux. The 
product can be isolated using conventional methods. 

20 In step (2) of Reaction Scheme VII, a (7-substituted)-(4-amino-lH-imidazo[4,5- 

c]pyridinyl)acetamide of Formula XUV is hydrolyzed under acidic conditions to provide 
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a (7.substiMed>lif-mudazo[4,5-c]pyridm-4-aiimie of Fonnula Ea, vMch is a subgenus 
of compounds of Formula H. Preferably, a compound of Formula XUV is treated wifli 
bydiocMoiic acid/etbanol at an elevated temperature, for example, at reflux. The product 
can be isolated using conventional methods. 
5 In step (3) of Reaction Scheme VII, a Lff-imidazo[4,5-c]pyridin-4-amine of 

FoimuUna is converted to a lJf-imidazo[4,5-<:]pyridin-4-amine of Formula XLV-1, 
XLV-2, or XLV-3 using convaitional methods. Formulas XLV-1, XLV-2, and XLV-3 
are subgsaiera of Formulas I-l, 1-2, and 1-3, respectively. For example, sulfonamides of 
Formula XLV-2 can be prepared by reacting a compound of Formula Ha with a sulfonyl 
10 chloride of Fonnnla R.S(02)C1, where R. is Rg-aDqrl. Rralkenyl. ^ioyl, Rrheteroaiyl or 
Rg-heterocyclyL The reaction can be carried out by adding the sul&nyl chloride to a 
solution of a compound of Formula Da in a suitable solvent such as chloroform at ambient 
teirq)eraturc. Sulfemides of Formula XLV-2 can be prepared by reacting a compound of 
Formula Ila with sulfuryl chloride to generate a sulfinnoyl chloride in situ, and then 
15 reacting the sulfamoylchloiidB with an amine of FormnlaHNRsR.. The product or a 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

Amides of Formula XLV-1 can be prepared fixan Lff-imidazo[4,5-c]pyridin-4- 
amines of Formula Ha using conventional methods. For example, a conqiound of Formula 
Da can be reacted with an acid chloride of Formula RaC(0)Cl, whae is Rs-alkyl, Rg- 
20 aIkenyl,R8-aryl,R«-heteroarylorR8-heterocyclyL The reaction can be carried out by 
adding the acid chloride to a solution of a compound of Formula Ha in a suitable solvent 
such as chloroform, optionally in the presence of abase such as triethylamine, at ambient 
temperature. The product or a pharmaceutically acceptable salt thereof can be isolated 
using coDveDti<mal methods. 
25 Ureas and thioureas of Formula XLV-3 can be prepared from l/f-imidazo[4,5- 

c]pyridinr4-anunes of Formula Ha using conventional methods. For example, a compound 
of Formula Ila can be reacted with an isocyanate of Formula R«N=O0, where R. is Ra- 
alkyl,R«-alkenyl.R«-aryl,R8-heteroarylorR8-hetBrocyclyl. The reaction can be carried 
out by adding the isocyanate to a solution of a con5)ound of Formula Ua in a suitable 
30 solvent such as chloroform, optionally in the presence of a base such as triethylamine, at 
ambirattemperahire. Alternatively, a conqjOundofFormula Ha can be reacted wifli a 
tiiioisocyanate of Formula RaN=C=S, a sulfonyl isocyanate of Formula RflS(02)N=0=0 or 
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a caAamoyl chloride of Formula IUNC(0)C1. The product or a phannaceutLcally 
acceptable salt thereof can be isolated using conventional methods. 

Ill step (4) of Reaction Scheme VH. a lif-imidazo[4,5-c]pyridin-4-aniine of 
Formula XLV-1, XLV-2, or XLV-3 undergoes a coupling reaction with a C2-10 alkyne, 

5 convenienfly by means of a palladium complex to provide a Ur-imidazo[4,5-c]pyridin-4- 
amine of Formula XLVI-1, XLVI-2, or XLVI-3, wMch are subgenera of Fonnulas I-l, 1-2, 
and 1-3, respectively. The alkyne is added to a solution of a canq;>ound of Formula XLV- 
1^ XLV-2, or XLV-3 in a suitable solvent such as acetonitrile in flie presence of a 
palladium catalyst, for exan^le, dichlorobis(triphenyiphosphine)palladium (II), copper ® 

10 iodide,andabasesuchastnethylamins. Tbereaclioncanbeheatedatanelevated 
tenperature. When lU is C2.10 alkynyl, reduction as described in step (1) of Reaction 
SchemeVcanbeusedtoconvertR(btoC2.ioaD£yL The product or a phaimaceuticaUy 
acceptable salt hereof can be isolated uang conventional methods. 
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Some embodiments of the invention including coinpoimds of Formula XSHII and 
intemiediate compounds can be prepared according to Reaction Scheme VIII where Ri^, 
Ra, R3, R4, and X are as defined above. 

In step (1) of Reaction Scheme VIII, a 2-chloro-3-nitropyridme of Formula XH is 
5 reacted with an alkaH metal azide to provide an 8-mtrotetrazolo[l,5-fl]pyridine of Formula 
XLVn. The reaction can be carried out by combining the compound of Formula XH wiHi 
an alkali metal aade, for example, sodium azide, in a suitable solvent such as anhydrous 
7/,J\Mimefli3dtfbmwmide, and heating to about 50 - 100 "C, optionally in the presence of 
ammOTiium chloridB. Alternatively, the reaction can be carried out by combining tiie 
10 conq»ound of Formula XH witii an alkali metal azide, for example, sodium azide, in a 
suitable solvent such as 90/10 acetonitrile^zO in the presence of cerium m chloride, 
preferably cerium HI chloride liq)tahydrate, optionally wilii heating, for exanq)le, at 
reflux. The product can be isolated fix)m fee reaction inixtare using convaitionalmeti^ 
In step (2) of Reaction Scheme Vm, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
15 XLVn is (Morinated using conventional chlorinating agents to provide an 8- 

nitrotetrazolo[l,5-^lpyridine of Formula XLVffl. Preferably, the reaction is carried out by 
combining a compound of Formula XLVH with fliionyl chloride in a suitable solvent such 
as dichloromethane and heating. 

In step (3) of Reaction Scheme Vm, an 8-nitrotetrazolo[l,5-fl]pyridine of Formula 
20 XLVm is reduced to provide a tetrazolo[l,5-a]pyridine-7,8-diamine of Formula XLDL 
Preferably, the reduction is carried out using a conventional heterogeneous catalyst such as 
platinum on carbon. The reaction can be conveniently carried out on a Parr apparatus in a 
suitable solvent such as toluene. 

Alternatively in step (3), NiiB can be generated in situ firom sodium borohydride 
25 and NiCU in tiie presence of methanol. A compound of Formula XLVm can be added to 
the resulting reducing agent solution to effect reduction of the nitro groi^. When a 
conqKJund of Formula XLVHI contains an alkenyl, alkynyl, alkenylene or alkynylene 
moiety, the NijB redudng agent can be used without reducing tiiese moieties. The 
product can be isolated fixmi the reaction mixture using conventional methods. 
30 In step (4) of Reaction Scheme Vm, atetrazolo[l,5-«]pyridine-7,8-diamine of 

Formula XLIX is reacted with a catboxjdic acid or an equivalent tiiereof to provide a 7fl- 
imidazo[4,5-cltetrazolo[l,5-a]pyridine of Formula L Suitable equivalents to a carboxylic 
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10 



acidinclude.forexan«,le,orthoesters.andl.l-.iialkoxyal^^ m cartoxylic 

add or equivalent is selected sudi that it wiU provide the desired R2 substituent in a 
cwnpoimd of FonnulaL. For «aiiq)le,trielhylorthoformatevaU provide a conipom 
where is hydiogeD, and tiimethyloraiovalerate WiU lOTvideacompoi^ 
iMtfyL Thereactioncanbenmintheabsenceofsolventorinanmertsolventsuchas 
toluene. The reaction is nmwi&suffident healing to drive off any alcohol or water 
formed as abyproduct of the reaction. Optionally, a catalyst sudi as pyridine 

hydrochloride can be included. 

Alternatively, step (4) canbe carried out by © reacting Hie diamine of Foimula 
XIJXwi1hanacylhaUdeofFotmukRaC(0)aorR2C(0)Brand1benCii)cycliTO In 
part (i), the acyl haHde is added to a solution of the diamine in a suitable solvent sud^ 
pyridbe. The reaction can be carried out at ambient ten^)etature. In part (ii), the product 
of part (i) is heated in pyridine in the presence of pyridine hydiodiloride. 

In step (5) of Reaction Scheme Vm, a7F-imidazo[4.5-c]tetrazolo[U-iz]pyridine 
15 of Formula L is reacted with a conqwund of Formula Ri^SNa to provide a T/T- 

miidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LI. Preferably, a thiol of the Formula 
Ri^SH is reacted with sodium hydride in a suitable solvent such as N.N- 
dimethylfoimamide to generate the anion, which is then reacted wilh a compound of 
FonnulaL. 

20 In step (6) of Reaction Scheme vm, a 7/f-imidazo[4,5-c]tetrazolo[l,5-fl]pyridine 

of Formula LI is oxidized to provide a 7H-imidazo[4,5-cltetrazolo[l,5-a]pyridine of 
FonnulaLO. Preferably, a solution ofa compound ofFoimula LI in a suitable solvent 
such as ddorofbrm or dichloromethane is treated with 3-chloiopen5xyb«^^^ 
degree of oxidation is controlled by adjusting the amount of S^hloroperoxybenxzoic acid 

25 usedinthereaction;ie.,usmgapproximatelyoneequivalentwinpiovM^ 

whereasusmgtwoequivalentswillprovidefliesulfone. The product can be isolated using 

conventional melhods. 

In step (7) of Reaction Sdjeme Vm a 7H-imidazo[4,5-c]tetrazolo[l,5-a]pyiidine 
ofFormulaLHisreactedwi&tr^henylphosphinetoformanJV^triphenylphosphh^^ 
30 compoundofFonnulaLIILThereactionvwthtrq)henylphosphinecanbenminasm^ 
solvent such as toluene or 1,2-dichlorobenzene under an atmosphere of nitrogen with 
heating, for example at the reflux temperature. 
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la Step (8) of Reaction Scheme Vm an //-triphenylphosphinyl compound of 
Fonnula LUI is hydrolyzed to provide a l/f-imidazo[4,5-c]pyridin-4-amine of Fonnula 
XVni, which is a subgenus of Fonnula 1-6. The hydrolysis can be carried out by general 
methods well known to those skilled in the art, for example, by heating in a lower alkanol 
in the presence of an inorganic acid, such as hydrochloric acid. The product can be 
isolated &om the reaction mixture using conventional methods as the compound of 
Formula XVTH or as apharmaceutically acceptable salt thereof 

Alternatively, steps (7) and (8) of Reaction Scheme VHI can be omitted, and the 
tetrazolo ring can be reductively removed from a 7ff-imidazo[4,5-c]tetrazolo[l^- 
a]pyddin6 of Fonnula LH to provide a lH-imidazo[4,5-<:]pyddin-4-amin6 of Formula 
XVnL The reaction can be carried out by reacting the 7£r-imidazo[4,S-e]tetrazolo[l,S- 
a]pyridine of Formula LH with hydrogen in ttie presence of an catalyst and an add. The 
reaction can be convedently run in a Parr s^aratus with a suitable catalyst, such as 
platinum IV oxide, and a suitable acid, such as trifluoroacetic acid or concentrated 
hydrochloric acid. The product can be isolated from the reaction mixture using 
conventional methods. 



59 



wo 03/103584 



PCTAJS03/17659 




10 



Some embodimettte of the inventioii including con^nnds of Fonnula XVffla and 
intennediate compounds canbepcepaiedacc^ 

R4, and X are as defined above, R' and R» are independently hydrogen or C wo alkyl, and 
Etisefliyl. 

M step (1) of Reaction Scheme K a 7H-imidazo[4,5.c]tetra2»lo[1.5^]pyndme of 
Formula Ma, which is a subgenus of Formula IH. is hydrolyzed to provide a 7H- 
imidazo[4,5-c]tetrazolo[1.5-fl]pyridine of FormulaLDb. The reaction can be carried out 
under conventional saponification conditiombytreating the ester wilhaqueou^ 
hydioxidemasuitablesolventorsolventmixturesuchastetrahydroWmethanol. The 
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reaction can be optionaUy earned out with heating. The reaction mixture is acidified in a 
subsequent step by stirring with, for example, hydrochloric acid to provide the carboxylic 
acid. 

In step (2) of Reaction Scheme DC a 7fr-imidazo[4,5-c]tetra2olo[l,5-fl]pyridine of 
5 Formula LEBj, which is a subgenus of Formula LII, is converted to a 7H-imidazo[4,5- 
c]telrazolo[l,5-fl]pyridine add chloride of Fonnula IIV. The reaction can be carried out 
by combining a compound of Fomrala Lllb with oxalyl chloride or thionyl chloride in a 
suitable solvent sudi as dichloromethane and, optionally, heating. 

In step (3) of Reaction Scheme DC a 7H-imidazo[4,5^]tetrazolo[l,5-fl]pyridine 
10 acid chloride of Fonnula UV is converted to a 7H-raudazo[4.5-c]tetrazolo[l,5-a]pyridine 
amide of Formula Mc, which is a sobgemis of Fomiula LIL The reaction can be carried 
out by combining a compound of Foraiula UV with an amine in a suitable solvent such as 
dichbromethane and stirring at ambient tmqtetature. 

hi step (4) of Reaction Scheme DC a 7/r-imidazo[4,5-c]tehazolo[l,5-fl]pyridine 
15 amide of Formula LHc is reacted witiitiiphenylphosphine to forai an JV- 

triphenylphosphinyl compound of Fomrala Lffla, which is a subgenus of Fomanla LOL 
The reaction with triphenylphosphine can be run m a suitable solvent such as toluene or 
1,2-dichlorobenzeQe under an atmosphere of nitrogen with heating, for exsanple at tiie 
reflux temperature. 

20 In step (5) of Reaction Scheme DC an iV-tiiphenylphosphinyl compound of Formula 

Lma is hydrolyzed to provide a lH-imidazo[4,5-c]pyridin-4-amine of Formula XVHIa, 
which is a subgenus of Formula XVm, which in turn is a subgenus of Formula 1-6. The 
hydrolysis can be earned out by general methods well known to tixose skiUed in the art, for 
example, by heating in a lower alkanol in tiie presence of an inorganic add, such as 

25 hydrochloric add. The product can be isolated ftom the reaction mixture using 

conventional methods as the compound of Fonnula XVHIa or as a phaimaceutically 

accq)table salt thereof. 

Alternatively, steps (4) and (5) of Reaction Scheme DC can be omitted, and tiie 
tetrazolo ring can be reductively removed ftom a 7fr-miidazo[4,5-c]tetiazok)[l,5- 
30 a]pyridine amide of Formula IBc to provide a lfr-imida2o[4,5-c]pyridin-4-amine of 
Formula XVma. The reaction can be carried out by reacting ttie7ff-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine amide of Formula LEfc witii hydrogen in the presence of an 
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catalyst and an add. The reaction can be conveniently run in a Parr ^paratus with a 
suitable catalyst, such as platinum IV oxide, and a suitable acid, such as trifluoroacetic 
acid or concentrated hydrochloric acid. Hie product can be isolated fiom the reaction 
mixture using convoational mdhods. 

5 

Reaction Scheme DC 




10 Some anbodiments of the invention including compounds of Formulas I-l, 1-2, 1- 

3, and intermediate conqwunds can be prepared according to Reaction Scheme X where 
Ri-i. 2. 3 (Ri-i, Ri-2, and Rw), Rz. R3, R4, R<, R9. Rio. R12 and X are as defined above, and 
BOC is fert-butoxycarbonyL 

In step (1) of Reaction Sdieme X a 2-chloro-3-nitropyridine of Fomiula XXV is 

15 reacted wifli an alkaH metal a2dde to provide an 8-nitK>tetrazolo[l,5-a]pyridine of Formula 
LV. The reaction can be carried out as described in step (1) of Reaction Scheme Vffl. 
The product can be isolated fix)m the reaction mijcture nang conventional methods. 
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In step (2) of Reaction Scheme X, an 8-mtrotetrazolo[l,5-a]pyri(ime of Fonmila 
LV is reduced to provide a tetrazolo[l,5na]pyridine-7,8-diamine of Formula LVI. The 
reduction can be carried out as described in step (3) of Reaction Scheme VUL 

In step (3) of Reaction Scheme X, a tetrazolo[l,5-a]pyridine-7,8-diamine of 
5 Fotraola LVI is reacted with a caiboxylic acid or an equivalent thereof to provide a 7if- 
iniidazo[4,5-c]tetrazolo[l,5-a]pyridme of Formula LVIL The reaction can be carried out 
as described in step (4) of Reaction Scheme VIE. 

Instep (4) of Reaction Scheme X, IheBOC ffoup of a7fr-imidazo[4,5- 
c]tetnizolo[l,5^]pyridine of Formula LVH is removed to provide a 7ff-imidazo[4,5- 
10 c]tetrazolo[l,5^]pyridine of Formula LVHL The reaction can be carried out by treating a 
sohition of a 7JT-imidazoI4,5-c]telrazolo[l,5-<i]pyridine of Fomaula LVH in a snitahle 
solvent sudi as, for example, dicUoiomethane with an acid, preferably trifluoroacetic acid, 
at ambient teanperature. The product can be isolated fixan the reaction mixture usmg 
conventional methods. 

15 hi step (5) of Reaction Scheme X a 7jEf.imidazo[4,5^]tetrazolo[l,5-fl]pyridine of 

Formula LVHI is converted to a 7H-umdazo[4,5-c]tetrazolo[l,5^]pyridine of Fonnnla 
UX-1, LIX-2, or LIX-3 using conventional methods. For exan^jle, sulfiMiamides of 
Formula LIX-2 can be prepared by reacting a compound of Formula LVHI wifli a sulfonyl 
chloride of Fomiula RaS(02)Cl. where R, is Rs-alkyl, Rg-alkenyi, Rs-aryl, R«-heteroaryl or 
20 Rs-heterocyclyl. The reaction can be carried out by adding the sulfonyl chloride to a 
solution of a compound of Formula LVm in a suitable solvent such as chloroform at 
ambient temperature. Sulfamides of Fonnula LIX-2 can be prepared by reacting a 
conjwund of Formula LVIH with sulEuryl chloride to generate a sulfamoyl chloride in 
situ, and flien reacting the sulfemoyl chloride with an amine of Formula HNRsR^. The 
25 product or aphaimaceutically acceptable salt thereof can be isolated using conventional 
methods. 

In another example, a 7H-hnidazo[4,5^]tetrazolo[l,5-a]pyridine of Formula LVffl 
is reacted with a chloroalkanesulfimy! chloride of fonnula a-Ri2-S(0)2a to provide a 
subgaras of compounds of Formula LIX-2 whadnR* and R,o join to fimn aring having 

30 tiie structure 
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— N S{0)2 



Rl2 



The reaction is preferably carried out by adding the chloroalkanesulfonyl chloride to a 
solution of a compound of Formula LVm in a suitable solvent such as dichloromethane in 
the presence of abase sucb as trietiiylamine. The interaiediate chloroalkanesulfonamide 

5 may optionally be isolated before treatment wifli a stronger base such as 1,8- 
diazabicyclo[5.4.0]undecene-7 (DBTJ) at ambient temperature. If tiie interaiediate 
diloroalkanesulfonamide is isolated, flie reaction with DBU can be carried out in a 
suitable solvent such as iV^-dimefliyiformamide. The product or apharmaceutically 
accqptable salt thereof can be isolated using amventiooal mdhods. 

10 Amides of Formula LIX-1 canbe prepared from 7fr-imida2»[4,5-c]tetrazoto[l,5- 

a]pyridine of Formula LVm using conventional methods. For example, a compound of 
Formula LVm can be reacted with an acid chloride of Formula RaC(0)a where R, is Rg- 
alkyl, Rg-alkenyl, R«-aryl, Rg-heteroaryl or Rrheterocyclyi The reaction can be carried 
out by adding the acid chloride to a sotation of a conq)ound of Formula LVIII in a suitable 

15 solvent such as chloroform, optionally in the presence of a base such as triethylamine, at 
ambient temparature. The product can be isolated using conventional methods. 

In another example, a 7fl'-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LVm 
is reacted with a chloroalkanoyl chloride compound of formula Cl-Ri2-C(0)Cl to provide 
a subgenus of conq)ounds of Formula UX-l wherein R9 and Rw join to form a ring having 

20 thestructure 

— N — C(0) 

The reaction is preferably carried out by adding the chloroalkanoyl chloride compound to 
a solution of a conq)Ound of FormulaLVm in a suitable solvent such as dichloromethane 
in tiie presence of a base such as trietiiylamine. The intermediate chloroalkanamide may 
25 optionally be isolated before treatinent witii a stronger base such as 1,8- 

diazabicyclo[5.4.0]undecene-7 pBU) at ambient temperature. If the intermediate 
chloroalkanamide is isolated, tiie reaction witii DBU can be carried out in a suitable 
solvent such as MiV-dimefliyifomiamide. The product can be isolated using conventional 
me&ods. 
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Ureas and thioiireas of Fonnula LIX-3 can be prepared ftom 7H-imidazo[4,5- 
c]teliazolo[l,5-a]pyridine of Formula LVm using conventional methods. For exsmple, a 
compound of Formula LVm can be reacted with an isocyanate of Formula RaN=C=0 
where R. is R«-alkyl, Rralkenyl, Ry-aiyl, Rj-heteroaryl or R«-heterocyclyl. The reaction 
canbe carried out by adding the isocyanate to a solution of a compound of Formula LVm 
in a suitable solvent such as chlorofomi, optionally in the presence of abase such as 
triethylamine, at ambient ten^)eratare. Alternatively, a compound of Formula LVm can 
be reacted with a ihioisocyanate of FoimtilaRaN=C=S, a sulfimyl isocyanate of Foimuk 
IUS(02)NK>OoracaAamoyl<MorideofFornialaRJSrC(0)a The product can be 



10 



In step (6) of Reaction Scheme X a 7H-imidazo[4,5-cltetrazolo[l,5-fl]pyridine of 
Formula LIX-l,LIX-2, or LIX-3 is reacted wiliitriphenylphosphine to form an 
triphenylphosphinyl compound of Formula LX-1, LX-2, or LX-3. The reaction with 
triphenylphosphine can be run m a suitable solvent such as toluene or 1,2-dicblorobenzene 
15 under an atmosphere of nitrogen wifli heating, fat example at the reflux temperature. 

In step (7) of Reaction Scheme X an JV^triphenylphosphin^ compound of Formnla 
LX-1, LX-2, or LX-3 is hydrolyzed to provide a l/?-imidazo[4,5-c]pyridin-4-amine of 
Formula I-l, 1-2, or 1-3. The hydrolysis can be carried out by general methods weU Imown 
to those skilled in the art, for example, by heating in a lower alkanol in the presence of an 
20 morganic acid such as hydrochloric acid. The product can be isolated from the reaction 
mixture using conventional mettiods as the compound of Fonnula I-l, 1-2, or 1-3 or as a 
phatmaceutically accq>table salt thereof. 

Alternatively, steps (6) and (7) of Reaction Scheme X can be omitted, and the 
tetrazolo ring can be reductively removed from a 7ff-imidazo[4,5-c]tetrazolo[l,5- 
25 fl]pyridjne of Formula LK-l, LIX-2, or LIX-3 to provide a lH-imidazo[4,5-c]pyridin-4- 
amine of Formnla I-l, 1-2, or 1-3. The reaction can be carried out by reacting Ihe 7/?- 
imidazo[4,5-c]tetra2olo[l,5-fl]pyridine of Formula LK-l, LIX-2. or LIX-3 with hydrogen 
inthepresenceofancatalystandanadd. The reaction can be conveniently run ma Parr 
apparatus with a suitable catalyst, such as platinum IV oxide, and a suitable add, such as 
30 irifluoroacetic add or concentrated hydrochloric add. The product can be isolated from 
the reaction mixture ushig conventional methods. 
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(1) 



Reaction Scheme X 
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1-1.2.3 



10 



Some embodiments of the mvention inchiding con^unds of Foimula 1-4, 1-5, and 
intermediate compomids can be prepared according to Bsaction Scheme XI where 
R,4. 5 (Rm and R1.5), R2, R3, R4. and X are as defined above. 

In step (1) of Reaction Scheme XI, a 2-chloro-3-nitropyridine of Formula XXIX-4 
or XXIX-5 is reacted with an alkali metal azide to provide an 8-nitrotetrazolo[l,5- 
fl]pyridine of Formula LXn-4 or LXH-S. The reaction can be carried out as described in 
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Step (1) of Reaction Scheme VHL Hie product can be isolated from the reaction mixture 
using conventional methods. 

In step (2) of Reaction Scheme XI, an 8-nitrotetrazolo[l,5-a]pyridine of Fomiula 
LXn-4 or LXn-5 is reduced to provide tetrazolo[l,5-a]pyridine-7,8-diamine of Fonnula 
5 LXni-4orLXin-5. The reduction can be carried out as described in step (3) of Reaction 

Scheme VHL 

The product can be isolated from the reaction mixture using conventional methods. 

In step (3) of Reaction Scheme XI, a tettazolo[l,5-a]pyridine-7,8-diamine of 
Formula LXm-4 or LXm-5 is reacted with a carboxylic add or an equivalent thereof to 
10 provide a 7fr-imidazo[4,5-c]tetrazolo[l,5-a]pyridine of Formula LIX-4 or LIX-5. The 
reaction can be carried out as described in step (4) of Reaction Scheme VHL The product 
can be isolated from the reaction mixture using conventional methods. 

fii step (4) of Reaction Scheme XI, a7fl'-imidazo[4,5-c]tetrazolo[l,5-fl3pyridme of 
ForiHuk IIX-4 or LIX-5 is reacted wifli triiiifinylphosphi^ 
15 triphenylphosphinyl coiipound of Formula LX-4, or LX-5. The reaction caiibe carried out 
as described m step (6) of Reaction Scheme X. The product can be isolated from the 
reaction mixture using conventional me&ods. 

In step (5) of Reaction Scheme XI aniNT-lriphenylphosphinyl compound of Formula 
LX-4, or LX-5 is hydiolyzed to provide a liir-imidazo[4,5-c]pyridin-4-am3ne of Formula 
20 1-4 or 1-5. The hydrolysis can be carried out as described in step (7) of Reaction Scheme 
X. The product can be isolated from the reaction mixture using conventional methods as 
the compound of Formula 1-4, or 1-5 or as a pharmaceutically acceptable salt thereof: 
Ahematively, steps (4) and (5) of Reaction Scheme XI can be omitted, and the 
tetrazolo ring can be reductively removed from a 7H-imidazo[4,5-cltetrazolo[l,5- 
25 fl]pyridineofFormulaUX-4 or LIX-5 to provide a m-imidazo[4,5-c]pyridin-4-anm 
Formula 1-4 or 1-5. The reaction can be carried out by reacting the 7H-imidazo[4,5- 
c]teliazolo[1.5-fl]pyridine of Formula LIX4 or LIX-5 with hydrogen in the presence of an 
catalyst and an add. The reaction can be convemently run in aParr appmias with a 
suitable catalyst, such as platinum IV oxide, and a suitable add, such as trifluoroacetic 
30 add orconcentratedhydrochloric acid. The product can be isolated from the reaction 
mixture using conventional m^ods. 
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Reaction Scheme XI 

5 




Some embodiments of the inventiion mclnding conqraunds of Fonmila 1-5 and 
10 intemiediate compbimds can be prepared according to Reaction Scheme Xn where 
Ri-5, R2. R3, R4. X, and Ac are as defined above. 

In step (1) of Reaction Scheme XH, a 2-chlon)-3-mtropyiidine of Formula XH is 
esterified to provide a 2-chloro-3-mtropyridine acetate of Fonnula IXVL Preferably, the 
esterification is carried out usmg acetic anhydride in a suitable solvmt such as anhydrous 
15 dichloromelhane in the presence of pyridine and catalytic 4-dimetiiylaminopyridine 
(DMAP). The product can be isolated &om flie reaction mixture using conventional 
methods. 

In step (2) of Reaction Scheme XII, a 2-chloro-3-nitix)pyridine of Formula LXVI is 
reacted witii an alkali metal azide to provide an 8-nitrotetiazolo[l,5-a]pyridine of Formula 
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LXVn. Tliereactioncanbecamedoutasdesm^edmstep(l)ofReacticmSchemeVm 
The product can be isolated from the reaction mixture using conventional methods. 

Instep (3) of Reaction Scheme XH, an 8-nitrotetrazolo[l,5-a]pyridine of Formula 
LXVn is reduced to provide tetrazolo[1.5-a]pyiidine-7,8-dianiine of Formula LXVIEL 
5 Theredactioncaabecarriedoutasdescribedmstep(3)ofReactionSchemeVin.^^ 

product can be isolated from the reaction mixture using conventional methods. 

In step (4) of Reaction Scheme XH, a tetiazolo[U-a]pyrid3n^7,8-diamine of . 
Formula IXVm is reacted wi&acaiboxyfic arid or an eqmvaleutthCT^^ 
7H.imidazo[4,5-c]tetraa>lo[l,5^]pyridine of Formula UO^ The reaction can be carried 
10 outasde8cribedinstep(4)ofReactionSchemeVIIL Hie product can be isolated from 

&e reaction mixture using coavaitional methods. 

Li step (5) of Reaction Scheme XH. a 7H.imidazo[4^-c]tetmolo[l^-a]pyridine of 
Formula LXK is hydrolyzed using conventional methods to provide a 7H-imidazo[4,5- 
c]te1iazolo[l,5-fl3pyridineofFomiulaLXX. For example, flie reaction can be 
1 5 conveniently carried out by adding potassium carbonate to a 7H-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridine of Formula LXK dissolved in methanol at an elevated 
temperature. The product can be isolated from liie reaction mixture using conventional 

methods. 

Instep (6) ofReaction Scheme Xn, a7H-imidazo[4,5-c3tetrazolo[l,5-fl]pyridinfiof 
20 FormulaLXX is reacted wilh 3-bromopropyne to provide a 7H-imidazo[4,5- 

c]tetrazolo[l,5-a]pyridine of Formula LXXI. The reaction can be carried out by adding 3- 
bromopropyne to 7H-iniidazo[4,5-c]tetrazololl,5^]pyridine of Fomiula LXX under phase 
transfer conditions with catalytic benzyltrimethylammonium chloride in a mixture of a a 
suitablesolventsuchasdichloiome1haneand50%aqueoussodiumhydroxide. The 
25 pioductcanbeisolatedfromthereactionmixtureusingconventionalmelhods. 

to step (7) of Reaction Scheme Xn, 7fl--imidazo[4,5<:]tetrazolo[1.5-fl]pyridme of 
FormukUOa is reacted withaheteroarylbromide or heterocyclylbromide to pron^^ 
7H-iniidazo[4,5<:]tetrazolo[1.5-alpyridineofFormulaIIX^5.There«^^ 
otttby couplmgaheteroaryBMomide, for example, 5-biomopyrimidiiie, or 
30 heterocyclylbromide vnUx Ihe alkyne &oup of a 7H-ijmdazo[4,5-c3tetrazolo[l^. 

a]pyridine of Formula LXXL The coupling reaction can proceed through a palladium 
complex, generated from a palladium catalyst, for example 
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dichlorobis(tripheayipliDspliiiie)palladiimi (D), in the preseace of copper (I) iodide and a 
base such as triethylamine. The reaction is earned out in a suitable solvent such as J\r^- 
dimefliyJfonnamideandcanbeheatedatanelevatedtemperature. The product can be 

isolated from Ihe reaction mixture using conveotionfll methods. 
5 Itt step (8) of Reaction SchemeXH. a7H-imidaz»[4,5-c]tetrazolo[1.5-a]pyrid3ne of 

Formula LIX-5 is reacted with triphenylphosphine to fomi an iV-triphenylphosphinyl 
compound of Formula LX-5. The reaction can be earned out as described in step (6) of 
Reaction Scheme X. The product can be isolated fern flie reaction mixture using 

conveational methods. 
10 In step (9) of Reaction Scheme XII, an JV^triphenylphosphinyl compound of 

Formula UC-5 is hydiolyzed to provide a l£r-imidazo[4,5^]pyridin-4^e of Formula I- 
5. Thehydrolysiscanbecarriedoutasdescribedinstep(7)ofReactionSchemeX. The 
product can be isolated from the reaction mixture using conventional methods as the 
compound of Formula 1-5 or as apharmaceutically acceptable salt thereof 

15 Alternatively, steps (8) and (9) of Reaction Scheme XH can be omitted, and tiie 

tetrazolo ring can be reductively removed from a7F-imida2o[4,5-c]tetrazolo[l,5- 
a]pyridine ofFonnula UX-5 to provide a lH-imidazo[4.5-c]pyridin-4-amine of Formula 
1-5. The reaction can be carried out by reacting the 7H-imidazo[4,5-c]tetrazolo[l,5- 
a]pyridine ofFonnula LIX-5 with hydrogen in Ihe presence of an catalyst and an acid. 

20 ThereactioncanbeconvementlyruninaParrapparatuswithasuitablecatalyst.suchas 

platinum IV oxide, and a suitable add, such as triflnoroacetic acid or concentrated 
hydrochloric acid. The product can be isolated from the reaction mixture using 

convoitianal methods. 



25 



30 
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Reaction Scheme Xn • 




1-5 O 
1 

Some embodiments of the invention including con^mds of Fonnulas LXXVE-l, 
LXXVn-2, LXXVn-3, and intermediate compounds can be prepared according to 
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Reaction Scheme XEDE where Rhas (Ri-i. R1-2, and R1.3), R2, Re, Rs, X, and BOC are 
defined above, Tf is tcifluoromefliylsulfonyl, and PMB is 4-me1hoxybenzyl. 

In stq> (1) of Reaction Schane Xin malonyl dichloride is stirred witii 
propanenitrile at ambient temperature to provide 6K;hloro-4-hydroxy-5-methyipyridiii~ 
5 2(1^0-0^6 hydrochloride hydrate, which precipitates ftom the soluticm. 

M stop (2) of Reaction Scheme Xm, direct nitration of 6-chloro-4-hydroxy 5 
me1hylpyridin-2(lfl)-one hydrodiloride hydrate is carried out in excess sulfimc acid a7Hi 
one equivalent of nitric add to provide 6-<Aloro-4-bydroxy-5-niettiyl-3-nitropyridm • 
2(lfl)-one. The reaction is run at a reduced tenq)eratare. Theproductconvenientiy eaj. \». 
10 precipitated from Resolution by the addition of ice water. 

Jn step (3) of Reaction Scheme Xm, 6-chtoro-4-hydroxy-5-ineaiyi-3-mtrop^;jidiT 
2(lfl)-one is converted to tiie triflate of Formnla LXXIL The reaction can be carriec r:.5i. 
by adding trifluoiomethanesulfonic anhydride to a solution of 6-chloro-4-hydroxy ? - 
methyl-3-mtropyridin-2(lfl)-one in a suitable solvent such as dichloromethane k ' 
15 presence of a base such as trieth^amine. The reaction can be carried out at sub -*'O o : : . 
temperatures. An amine of Formula XXIV is then added to flie reaction at ambk- i 
tenq»erature to provide a pyridine of Formula LXXO. The product can be isolated i o/. 
Ihe reaction mixture using conventional metiiods. 

In step (4) of Reaction Scheme Xm, the triflate group of a compound of f > : : • ' 
20 LXXn is displaced with bis(4-methoxybeQzyl)amine to provide a pyridine of Forami i 
LXXUL The reaction can be carried out in flie presence of a base such as triethyk oiAse 
and in a suitable solvent such as tohiene. The reaction is conveniently carried ooi ;i 
elevated tenq)eratures. Theproductcanbeisolatedftomthereactionmixtureusiag 
conventional methods. 

25 In step (5) of Reaction Scheme Xm, the ratio group of a compound of¥ovmw:x 

LXXm is reduced to provide a pyridine-7,8-diamine of Formula LXXIV. The reatfcoc 
can be carried out by flie addition of sodium borohydride and nickel chloride to a sohi i . v 
of a conq)ound of Formula LXXm in a suitable solvent or soWent mixture such as 
methanoVdichloromethane at ambient teaiq)«ature. The product can be isolated from tb. 

30 reaction mixture using convCTitionalmefliods. 

Instep (6) of Reaction Scheme Xm, apyridme-7,8-diamine of FomiularX a 

reacts with a carboxylic acid or an equivalent thereof to provide an imidazo[4,5 rjf ^ : • 
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of Formula LXXV. The reaction can be carried out as described in step (4) of Reaction 
SchKneVni. 

In step (7) of Reaction Scheme XXH, an iinidazo[4,5-c]pyridine of Formula IXXY 
is deprotected under acidic conditions to provide a lff-imidazo[4,5-c]pyridin-4-amine of 
5 Foimula LXXVL The reaction can be carried out by dissolving an imidazo[4,5-c]pyridine 
of Fonmila LXXV in tiifluoroacetic acid and stirring at ambient temperature. Optionally, 
the reaction can be carried out in a suitable solvent such as dicMoromethane. 

Ill step (8) of Reaction Sdieme Xffl, a LEr-imidazo[4,5-c]pyridin-4-amine of 
Formula LXXVI is converted to a lH-imidazo[4,5^3pyridin-4-amine of Formula 
10 LXXVn-1 A3, which is a subgenus of Formula I-l, 1-2, and 1-2, using conventional 

meliiods. The reaction can be carried out as described in step (1 1) of Reaction Scheme IL 
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Reaction Schane Xni 
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2,3 



It is understood that one skiUed in the art will select the ^ropriate reaction 
schemes and steps therein to prepare a compound described in the various aspects and 
embodimeats of the invention to avoid or minimize undesired or conflicting reactions. 
exaxnple, when R3 is chloro a reaction scheme which does not involve a tetrazolo 
intermediate can be selected. Reduction of anitro group atRa or R4 can he avoided by 
placement on the pyridine ring after reduction of the nitro group at the 3-position of Ihe 
pyridine ring. When an alkenyl, aBcynyl, alkenylene, or alkynylene group is present. 
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tedijction of the nitro group at the 3-position of the pyridine ring can be carried out by 
nsmg the JTijB reduction wilhout reducmg the alkenyl, alkynyl. alkenylene, or alkynylene 
group. Whearemoving atetrazolo ring in the presence of areadily reducible group such 
as an alkeayl or heteroaryl group, the formation of an Mpheaylphosphinyl conipound 
5 Mowed by hydrolysis can be used in place of the reductive removal to preserve . for 
example, the alkenjd or heteroaryl group. 

TTie tsm "noa-interfering substituents" refers to Rx. Ry. and Rz groins which do 
not prevent acompound of Formula la fiom inducing tiie biosynthesis of one or more 
cytokines. Dlnstiative non-interfering Rx groins include those described above for R2. 
10 mu8trativenoii.interferingRyandRzgroiq>8includetbosedescribedab^^^ 

As used herdn. the terms "alkyi", "alkenyl". "aJkynyl" and the prefix W are 
inclusive of both strai^ cham and branched chain groups and of cycfic &ovps, i.e. 
cycloalkyl and cycloaBcenyl. Unless otherwise specified, these groi?)s contain firom 1 to 
20 carbon atoms, with alkenyl groups containing firom 2 to 20 carbon atoms, and alkynyi 
15 groupscontainingfrom2to2Ocafbonat0ms. Preferred groups have a total of up to 10 
carbon atoms, for example, up to 8 carbon atoms, up to 6 carbon atoms, and up to 4 carbon 
atoms. CyclicgroupscanbemonocycHcorpolycycUcandpreferablyhavefix)m3to 10 
ring carbon atoms. Exemplary cyclic groups include cyclopropyl, cyclopropyhneaiyl, 
cyclopentyl. cyclohexyl, adamiantyl, and substituted and unsubstituted norbomjd and 
20 nort)omenyl. 

Unless otherwise specified, "alkylene". "alkenylene" and "alkynylene" are tiie 
divalent forms of "alkyl", "alkenyl", and "alkynyl" defined above. 

The term "haloalkyl" is inclusive of groups that are substituted by one or more 
halogenatoms,mcludingperfluorinatedgroups. This is also true of groups tiiat include 

25 the prefix 

"halo-". Examplesofsuitablehaloalkylgroupsarechloromethyl.trifluoromethyl,andthe 
like. 

•me term "aryl" as used herein inchides carbocycUc aromatic rings or ring systems. 
Exan5)lesofarylgroupsincludephenyl.naphfhyi,biphfinyl,fluorenylandmdeny^ The 
30 term^heteroaryrindudesaromaticringsorringsystemsthatcontainatleast 

heteroatom (e.g., O, S, N). Suitable heteroaryl groups include furyl, tinenyl, pyridyl 
quinoUnyl, isoquinolinyl indolyl, isomdoljd, tiiazolyl. pyrrolyl. tetrazolyl, imidazolyl, 
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pyrazolyU oxazolyl, thiazolyl, benzofiiranyl, benzothiopheayl, caibazolyl, benzoxazolyl, 
pyrimidinyl, benziniidazolyl, quinoxalinyl, benzolhiazolyl, naphthyridinyl, isoxazolyl, 
. isothiazol^ purinyU quinazolinid, and so on. 

"Heteocyclyr includes non-aiomatic rings or ring systems that contain at least 
one ring heteroatom (e.g.. O, S, N) and includes aU of the fully saturated and partially 
unsaturated derivatives of the above mentioned heteroaryl gfxsaps. Exenqplary 
heterocycUc groiq)s include pyiroUdinyl, tetrahydrofuranyl, moipholinyl, thiomoipholinjd, 
piperidinyi, piperazmyl, thiazoUdinyi, imidazoUdinyl, isothiazoKdinyl, and the like. 

The aryl, heteroarji, and heterocyclyl gcoiqps can be unsubsfituted ot substituted by 
one or more substituents independenfly selected fiom flie group consisting of alkyl, 
alkoxy. mettiylenedioxy, ethylenedioxy, aBcyltido, haloalkjd, haloalkoxy. haloalkylthio. 
halogen, nitro, hydroxy, metcapto, cyano, cariioxy, fonmyl, aryl, aryloxy, arylthio, 
arylalkoxy, arylalkyltiiio, heteroaryl, heteroarjdoxy, heteroarjdthio, heteroaiylalkoxy, 
heteroarylalkyithio, amino, alkyiamino, dialkylamino, heterocyclyl, heterocycloalkyl, 
alkylcaibonyl, alkenylcarbonyl, alkoxycaibonyl, haloalkylcarironyl, haloalkoxycarbonyl, 
a]kylthiocarbon>4, arylcaibonyl, heteroarylcarbonyl, heterocyclylcarbonj^ 
aryloxycarbonyl, heteroaiyloxycarbonyl, aryithiocaibonyl, heteroarylthiocaibonyl, 
alkanoyloxy, alkanoylthio, alkanoylamino, aroyloxy, aroylthio, aroylamino, 
aBcylaminosulfonyl, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, aryldia2anyl, 
alkylsulfonylamino, arylsulfonylamino, arylalkylsulfonylamino, alkylcarbonylamino, 
alkenylcarbon:^aiadno, arylcarbonylamino,arylaD5ylcarbonylamino, 
hetoBarylcaibonylamino, heteroar^alkycarbonjdamino, alkylsulfonylamino, 
alken^teulfbnylamino, arylsulfonjdamino, arylalkylsulfonylamino, 
heteroarylsulfbnylamino, heteroar^alkylsummylamino, aBcylaminocarbonyl, 
dialkylaminocarbonyl, aryUttninocarbonyl, arylalkylaminocarbonyl, 
alkenyiaminocaibonyl, heteroarylaminocaibonyl, heteroarylalkylaminocarbonyl, 
allqrlaminocarbonylamino, alken^aminocarbonylamino, arylaminocarbonylamino, 
arylalkylaminocaibon^amino, heteroarylaminocaibonylamino, 
heteroarylalkylaminDcafbonylamino and, in tiie case of heterocyclyl, oxo. If any otixer 
groups are identified as being "substituted" or "optionally substitiited", flien those groups 
can also be substituted by one or more of tiie above enumerated substituents. 
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The invention is incluaive of the compovmds described hesxm. in any of thdr 
pharmaceuticaUy acceptable forms, including isomers (e.g., diastereomCTS and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
opticaUy active, the invention specifically includes each of the compound's enantiomers 
5 well as racCToic mixtures of the enantiomers. 

Preferred compounds of the invention include: 
JVK2-{2-[4-aimno-2<cyclopropylmelhyl)-6,7Hto%l-lf^M 
^ethoxy}efhyl)-2-meaiy1^propanamide; 
j\f^2-{2-[4-amino-2<cyclqpropyhneaiyl)-6,7HJimethyi-lH^ 
10 j^]ethoxy}efliyl)cyclopeatanecaiboxamide; 

AK2-{2-[4-amino-2-(cyclopropyimelh5d)-6,7-<lime&yl-lH^ 
yl]e{ho3iy}efliyl)iiicotinaniide; 
JVK2-{2-[4-amino-2<cycl(q?ropylmethyl)-6,7-^ 
yl]ethoxy}etti:^)-iy^>dimefliylpropanamide; 
15 N-{2- {2-[4-amino-2<cyclopropyhnelhyl)-6,7-dimeJhyl-lH-mnd^ 
yl]ethoxy}ethyl>iV-methylcyclopentanecaiboxamide; 
J\K2-{2-[4-amino-2<cyclopropylmethyl)-6,7-dimefhyl-m-imida2»[4,5-^^ 

yl]ethoxy)ethyI)-Ar-me1hyhiicotinamide; 

JV^(2-{2-[4-amino-2<cyclopropylethyl)-6,7-dunethyl-lH-inndazo[4^^ 

20 yl]ethoxy}ethyl)-2-methylpropanamide; 

jV.<2-{2-[4-amino-2<cyclopropylethyl)-6,7Hiiniethyl4if-imidazo 

yl]ethoxy)ethyl)cyclopentanecaiboxamide; 

jyK2-{2-[4-annno-2-(cyclopropylethyl)-6,7-^elhyl-lH-inudazo[4,5-^^ 

yIlethoxy}efliyl)nicotmamide; 
25 jyrK2-{2-[4-aniino-2-(metlu)xyethyl)-6,7-^ethyl-lF-M 

^]^oxy}ethyl)-i^,2-dimethy:i^nqpaDamid6; 

WK2-{2-[4-anuno-2<meliioxye<hyl)-6,7'^Jimethyl4ff-i^ 

yl]ethoxy}ethyl)-//^meihylc5^1opeatanecarboxamide; 

WK2-{2-[4-anmio-2<inetlioxyethyl)-^,7-dimea 
30 yl]ethDxy}ethyi)-7/-metliy]mcotinamide; 

JV^(2-{2-[4-amino-2Kcyclopropylmefliyl)-6-methyl4Jy-iimdazo[^^^ 

yl]ethoxy}ethyl)-2-methylpropanaD3ide; 
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//<2-{2-[4-amino-2-(cyclopropylme1hyl)-6-me& 

yl]ethoxy}ethyl)cyclopentaiiecarboxainide; 

W-{2-[4-ainino-2Kcyclopropylmethyl)-6-met^^^ 

yl]ethoxy}ethyl)nicotmamide; 
5 JVK2-{2-[4-ammo-2<cyclopiopylmethyl)-6-me&^^ 

yl]eflioxy}e1hyl>i\r;2-dimethylpropaiiam 

AK2-{2-[4-aiiuno-2<cyclopn)pylmethyl>6-me&^^ 

yl]e&oxy}efliyl)-i^r-methylcyclopentanecaibox^ 

]V^(2-{244-ammo-2-(cyclopiopyImethyl>^ 
10 yl]ethoxy}e&yl)-/^mefhylnicotiiiaini^^ 

iVK2-{2-[4-animo-2-propyl-^,7-^efliyU 

methylpropanaiDide; 

//.(2-{2-[4-ammo-2-piopyl-6,7-dimet^^ 

yl]ethoxy} ethyl)cyclopentanecaiboxamide; 
15 w:<2-{2-[4-ammo-2-propyW,7-^efc3d4ff-^ 

yl]e1iioxy}ethyl)iiicotinainide; 

JVK2-{2-[4-ainin(>-2-propyl-6J-dimethy^ 

i^,2-diinethylpropaiiamide; 

JVK2-{2-[4-ainino-2-propyl-6J-dimethyl4ff-^^ 
20 methylcyclopentanecarboxamide; 

JVK2-{244-ainmo-2-propyl-6,7-dimethyl-lff^ 
meliiylmcotiiiamide; 

iV^<2-{2-[4-ainmo-2-piopyW-me%14ir-iim 

methylpiopanamide; 
25 JV^^2-{2-[4-ammo-2-propyl-^-me1iiyl-l/f^ - 

yl]ethoxy}ethyl)cyclopeQtanecaiboxaimde; 

JV:(2-{2-[4-ainino-2-propyl-^-methyl-lif-im 

yl]e&oxy}efhyl)nicotinamide; 

jVi(2-{244-ainino-2-propyl-6-metiiyl4fl'-im 
30 dimethy^ropanainide; 

JV^(2-.{2-[4-ainmo-2-propyl-6-me%14ff-m 

methylcyclopentanecarboxamide; 
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iV^(2-{2-[4-ammo-2-propyl-6-methyl4H-Mdazo[4,5-c]pyridm4-^^ 
methylnicotinamide; 

iVK2-{2-[4-ammo-2-(cyclopropylmethyl)-6J-dimethyl-lH-um 
yl]ethoxy}elhyl)nioipholine-4-carboxamide; 
5 A:<2-{2-[4-ammo-2-(cyclopropylmethyl)-6,7-dime1iiyl-lH-im 

yl]etihioxy}ethyl>JV-cyclohexylurea; 

JV^(2-{2-[4-ammo-2Kcyclopropylmethyl)-6,7-diir^ 

yl]ethoxy}efliyl)-iV-pyridin-3-ylure^ 

iV-(2-{2-[4-aiDino-2Kcyclopropyle11iyl)-6J-dime<hyl-lH-i^ 
10 ^]ethDxy}efli^)moipholiiie-4-cari)oxamide; 

JV<2-{2-[4-aiiimo-2-<cycloprop^e«hyl>6jHiimethyl4 

yl]eflioxy}eth3d)-iV-cyclohexyliirea; 

iV-<2-{2-[4-aiiiino-2-<cycloim)pyleai^)-6JwJm 

yl]efliDxy}efli3d)-iV-pyridm-3-ylurea; 
15 jV'-{2-{2-[4-anmio-2^;meaioxyelhyl)-6,7-dim 

yl]6thoxy}e&^)m(»pholme4-<»iboxaiDide; 

yl]ethDxy}ethyl)-JV-cyclohexyliire^ 

7/-<2-{2-[4-ainmo-2Kme1hoxyethyi)-6,7-dimetiiyl-lH^ 
20 yl3etiioxy}ethyl)-iV'-pyridin-3-ylurea; 

AK2-{2-[4-ammo-2<cyclopropytoethyl>6-methyl-lH-iimdaTO[^^^ 

yl]etlioxy}eliiyl)moq)holme-4-carboxainide; 

J\K2-{2-[4-ammo-2<cyclopropylmeiiiyl)-6-methyl-lH-iimda2» 

yl]e1iioxy}elhyl)-iV-cyclohe!xyliirea; 
25 iVK2-{2-[4-aniino-2<cyclopiopylmetiiyl)-6-me*hyl-li^im 

yl]eflioxy}ethyl>JV-pyridin-3-ylure^ 

JV'-(2-{2-[4-amino-2<cyclopropyle<hyl)-6-meth^-lf^iimda^ 

yl]6fhoxy}e11iyl)motpholine-4-caiboxaiiiid6; 

J\K2-{2-[4-ainino-2<cyclopropylethjd)-6-me1iiyl-lf^^ 
30 yi]diioxy}ethyl)-iV-cycloliexyliire^ 

yl]eihoxy}efliyl)-JV'-pyridin-3-ylarea; 
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iH2-{2-[4-animo-2<methoxyethyl>6-me1hyl-lif-imidazo[4,5-c]pyri 
yr|eflioxy}ethyl)morplioline-4-carboxamide; 

yl]etboxy}el3iyl>iV-cyclohexylure^ 

ylleflioxy}efliyl)-JV'-pyridm-3-ylurea; 
JVK2-{2-[4-aimno-2-propyl-^,7-KJimdhyl-liy-i^^ 
yl]etiK)xy}ethyl)moiplioliiie-4-carboxan^ 
iVL(2-{2-[4-ainmo-2-im)pyi-6,7^fimeaiyl-Ur-iim 

10 cyclohexylurea; 

JVK2-{2.[4-amiiiD-2-piopyW-(fimethyi4H-Mdazo[4,5^^ 

pyridm-3-yhire% 

jVL(2-{2-[4-ammo-2-propyl-6-me&yl4H-inudazo[4,5-c]pyridi^^ 
yl]ethoxy}el±Lyl)moipholme-4-caiboxaiiiide; 
15 iV-(2-{2-[4-ainmo-2-propyl-6-methyl-lfi'-iimda2o[4,5-c]pyri 

cyclohexylurea; 

jV:(2-{2-[4-ainino-2-prDpyl-6-methyl4H-inuda2»[4,5-c]py^ 
pyridm-3-ylurea; 

^•-(2-{2-[4-amino-2<cyclopropylmethyl)-6J-dimethyl-lff-i^ 
20 yl]etho3cy}ethyl)-iV;W^-dieiliylure^ 

iVK2-{2-[4-aInmo-2<cyclopropylme%l)-6,7-dimelixy^ 

yl]eth.o3cy}ethyi)-JV-isoptopylurea; 
jV'^.{2-[4-ainmo-2<cyclopropylethyl)-6,7^ethyl4H-M 

yl]eflioxy}ethyi)-iV^-die(iiyliiiea; 
25 W^2-{2-[4-anrino-2<cycloptopyIefliyl)-6,7-^elhyl-^^ 
yl]eflioxy}ethyl)-7V-isopropylurea; 
JV'<2-{244-aininD-2-piopyl-6,7HJimethyl4ir-^ 

JV^-diethyluiea; 

iVK2-{2-[4-ainino-2-propyW-dimethyl-lfl^Mda^ 

30 isopropylurea; 

W'-(2-{2-[4-aiiuno-2-(methoxyethyl)-6,7.dimeihyl4J?-iimdaz^ 

yl]ethoxy}ethyl)-JNr^-diethylurea; 
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JV'K2-{2-[4-ammo-2<methoxyethyl)-6.7-Kiimethyl-lH-umto^ 
yl]ethoxy}ethyl)-iV-isopropylvu:ea; 

JV'<2-{2-[4-ammo-2Kcyclopropylme&yl)-^methyl-lH-iimdazo[^^ 

yl]ethoxy}eliiyl)-W-diethylurea; 
5 ^L(2-{2-[4-amino-2KcyclopIopylmeayl>6-mdhyl-m-M 

yi]ethoxy}ethyl)-iV-isopropylvirea; 
jV'^2-{2-[4-aimiM)-2<cyclopn^yleaiyl)-6-mefliyl-lH^ 

yl]eliioxy}ethyl>J\r^-diefliyliire^ 

A'-(2-{2-[4-animo-2Kcyclopropyleaiyl)-6-me(Jiyl-m-im^ 
10 34]eaioxy}ethyl)-JV-isopropylurea; 

A'-(2-{2-[4-aimno-2-piopyl-^methyl-lH-iim^ 

JVK2-{2-[4-anmu)-2im)pyl-6-mefliyl4ff-inuda^^ 

isopropjdurea; 
15 iV'<2-{2-[4-ainmo-2Kmeil»xyefliyl)-6-nififl^^ 
yl]ethoxy}eth.yl)-JV^-diethyliirea; 

7Vi(2-{2-[4-amino-2-(methoxyBthyl)-^melM-lfl^>»i^^^^ 
yl]ethoxy} ethyl>iV-isopropylurea; 
iVK2-{2-[4-ainino-2KcyclopropylmelliylW-dimcti^^^^ 
20 yl]e&oxy}ethyl)methanesulfonaimde; 
• jv'-(2-{2-[4-ammo-2KcycloFopylmeth3d)-6,7-dimethyl-^^ 
yl]ethDxy}ethyl)propane-2-sulfonaimde; 
W'-(2-{2-[4-anuno-2Kcycloprop)dmdhyl)-6J-dimeth^^^ 
^]eflioxy}elhyl)quinolme-8-sulfoiiamide; 
25 ^K2-{2^4-aInino-2Kcyctoprop3^ethyl)-6J•^eflly^ 
^]eflh^oxy}ethyl)-iV^m^ylmelhanesulf<^^ 
N<2-{2-[4-amino-2-(cycloptopyiniefliyi)-6J-^et^^^^ 
yl]ethoxy}efhyl)-JV^nle^Jiylpropane-2-«ul^^ 
W^2-{2-[4-ammo-2<cyclopropyImefliyl)-6,7-toe^^ 
30 yl]ethoxy}efliyi)-iV'-methylqimiolme-8-«ulf^^ 

JVK2-{2-[4-ammo-2<cyclopropy!methyl)-6-metiiyl4H-u^^ 
yllethoxy} ethyl)mefhanesulfonamide; 
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JV'-<2-{2-[4-ammo-2<cyclopropylmefhyl)-6-methyl-lf^i^ 
yl]ethoxy}etliyl)propane-2-sulfonaimde; 
JVK2-{2-[4-arnino-2<cyclopiopylxnetiiyl)-6-me1iiyl-li^^ 
yl]ethoxy}ethyl)q!aiiU)lin©-8-su]fm^^ 
5 ^:(2-{2-[4-a^lmo-2<cyclopropylmethyi>6-methyl-m-iIm 

yl]ethoxy}ethyl>Ar-methylm6llianesu]£>n^ 
JVK2-{2-[4-ammo-2Kcyclopropylmethyl)-6-methyl-^ 
yl]ethoxy}efliyl>iV'-mefliylinx>pane-2-awl^^ 
JVK2-{2-[4-ainino-2<cyclopropyliiieaiyl)-6-me&^^ 
10 yl]eihoxy}e1hyl>Ar-me&ylqa3iK)lme-8-sulfi^^ 

iVK2-{244-ainmo-2-im>pyW,7-^eth)44H-iimdazo[4,5^^ 

yl]dhoxy}elhyl)me1hanesulfoiiaimde; 
JV^(2-{2-[4-amino-2-propyl-6,7-dimethyMH-iimdazo[4^ 
yl]ethoxy}ethyl)propane-2-sulfonaiiiide; 
15 2V-(2- {2-[4-ammo-2-propyl-6 J-dimefliyi-lff-hmdazo[4,5-^]pyrid^ 
yl]eliioxy}e1hyl)qvimolme-8-sulfonaimde; 
iVK2-{2-[4-aiiiino-2-propyl-6,7-dimethyl-IH-inudazo[4,5-c]py^ 

methylmethanesulfonamide; 

A'-(2-{244-ainmo-2-propyl-6,7-KlimethyI-lH-iimdazo[^^^ 
20 methylpiopane-2-sulfoiiainide; 

metbylqoinoliDie-S-sul&naniide; 

iV<2-{2-{4-ainmo-2-propyl-^moaiyl-lH-imidazo[4,5-c]pyrito^ 

^]ellioxy}efhyl)mdhanesnlfi)iiamid^, 
25 JV'<2-{2^[4-anmio-2-propyl-^mefliyl-lH-Mda2o[4,5-c]pyridin-^ 

yl]eflioay}ethy0propane-2-suMi5nandde; 
JVK2-{2-[4-anum>-2-propyi-^mefliyl-lH-miidazo[4,5H:^^ 
yl]ethoxy}e1hyl)qiiinoline-8-8alfi)iianiide; 
A^^2-{2-[4-ammo-2-propyl-6-metiiyl4J?-Mdazo[4,5-c]pyridin^ 

30 methylmefhanesulfonaimde; 

iV'-<2-{244-ammo-2-propyl-6-me%14H-iimdazo[4,5-c]pyridm^ 

inethylpropane-2-sulfonainide; 
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iV^(2-{2-[4-aimno-2-propyl-6-methyl-lH-iiiud^ 
methylquinolme-S-sulfonainide; 
iV^2- {2-[4-amino-2-methoxyethyl-6-metiiyl-lH-im 
yl]ethoxy} ethyl)methanesulfonamide; 
5 i\r-(2-{2-[4-amino-2-methoxyethyl -^"methyl-lff-iimdazo[4^-c]pyridta-^ 
yl]etiioxy} ethyi)propaiie-2-sulfoiiamide; 

J^-(2-{2-[4-amino-2-methoxyefhyl -6-methyl-li7-iimdazo[4^-^]pyddin-*l- 
yQetbofxy) 6thyl)qi±iolme-^ 

J\r-(2-{2-[4-amino-2-meflioxyethyl -6-mefh^-ljEf-iimdazo[4^-c]pyridin-^ 
10 yi]etlK>xy}6&yl)-A'-m6thyImethanesi^ 

JV<2-{2-[4-airdno-2-methoxyeflxyl -^me*hyl-lJy-mudazo[4,5-c]pyridm 
yl]efboxy}e1fayl)-iV'-m6(h:^ropan^^^ 

JV^(2-{2-[4-amino-2-meflu>xyethyl •^mefliyl-lJEir-miidazo[4,5-c]pyridin-l- 

yl]ethoxy} etiiyl)-//-mefhylquinolm 
15 JVK2-{2-[4-amino-2-<cycl<5iropylefhyl)^^ 

yl]ethoxy} ethyl)niethaiLesulfonamide; 

JV^(2-{2-[4-amino-2-<cyclopropylethyl)-6-meth)^^ 

yljethoxy} e1iiyl)piopane-2-suIfonainide; 

7/-<2-{2-[4-amino-2-(cyclopropylethyl)-6-methyl-lJy-i^ 
20 yl]ethoxy}ethyl)quinolme-8-sulfoiiamide; 

JVK2-{2-[4-amino-2-(cyclopix>pylethyl)-6-me1^^^ 

yljethoxy} ethyl)-iV'-methylmeflianesulfonainide; 

JVK2-{2-[4-aimno~2-(cyclopropyle1iiyl)-6-me&^^ 

yl]ethoxy}ethyl)-i\r-metiiylpropane-2-sulfonam 
25 jV-<2-{2-[4-animo-2-(cyclopropylethyl)-6-met^^^ 

yl]etiioxy}efhyI)-iV^met]iylqumolme-8-s^ 

2-biilyl-l- {2-[3-(l,l-^oxidoisotluazofidii^ 

imidazo[4,5-<;]pyridin-4-amme; 

l-{2-[3-(l,lKdoxidoisolMazoUdin-2-3d)propoxy]e 
30 lff-Mdazo[4,5-c]pyridin-4-aiiime; 

l-{2-[3-(14-^oxidoisoihia2»Hdm-2-yl)propoxy]et^^^ 

liT-imidazo[4,5-c]pyridin-4-ainiiie; 
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2Kcyclopropylmethyl)4-{2-[3<14-dioxidoisofhiazoUdin-2-yi^^^ 
dimethyl-lH-imidazo[4,5-c]p>ddm-4-amme; 
2-(cyclopiopylethyl>l-{2-[3-(l,l-dioxidoiso1iriazoHdin-2-yi^^ 
dimelhyl-lH-mudazo[4,5-c]pyridm-4-amme; 
5 i.(2.[3-(14-dioxidoisolHazoHdm-2-yi)propoxy]dhyl} 

iinidazo[4^-c]pyridin-4-anini^ 
l-{2-[3Kl.l-dioxidoisottuazoUdm-2-yl)propoxy]ethyl^ 

inudazo[4^-c]pyridin.-4-amme; 

1- {2-[3Kl,l-dioMdoiso1iiia2»Udm-2-yl)propoxy]^^ 

10 c]pyii(lin-4-aniine; 

2- butyl4-{2-[3-(14-^oxidoiso1ijiazoUdm-2-yl)pnqjoxy]e^^ 

c]pyridin.-4-amin.e; 

1- {2-[3<14-<fioxidoisothiazoUdinr2-yl)propoxy]efliyl}-2Ket^^ 

iimdazo[4,5-c]pyridin-4-anuiie; 
15 i.{2-[3Kl,l-dioxidoisotiuazoUdm-2-yl)propoxy]ethyl}-2-(methoxycfliyl)-6^^ 

imidazo[4,5-c]pyridin-4-ainme; 

2- (cyclopropylme1hyl)-l-{2-[3Kl,l-dioxidoisothiazoUdm-2-yl)pro^^ 
lif-imidazo[4,5-c]pyridiii-4-amme; 

2<cyclopropylefliyl)4-{2-[3<14-dioxidoisothiazoUdm-2-yl)propox^^ 

20 lff-miidazo[4,5-c]pyridin-4-amine; 

l-{2-[3-(l,l-dioxidoisotMazoUdin-2-yi)pnq)Oxy]ethyl}-6-methyl-2-prop 

imdazo[4,5-c]pyridiii-4-ainine; 
l-{2-[3Kia-dioxidDisotiiiazoUdm-2-yl)propo^^ 

c]pyridm-4-amine; 
25 l.{243-(l,l-dioxidoisothiazoUdm-2-yl)propoxy]eth^^ 

c]pyridm-4-amine; • 

l.[2-(benzyloxy)ethyl]-2-butyW-dimethyl-lH-iim 
l-[2-(beDzyioxy)ethyl]-2K<^lopropylmefliyl)-6,7-dim 

amine; 

30 l-[2^T)eDzyloxy)ethyl]-2,6^iimelhyl-lH-iimdazo[4,5-c3p3^ 

l-[2-(benzyloxy)ethyl3-6-methyl-2-propyl4ff-iinidazo[4,5-c]pyridiiH^^ 
142-(tenzyloxy)ethyl]-2<ethoxymetiiyl)-6-methyl-lH-iinidazo[4,5-c]py^ 
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l-[2<benzyloxy)etiiyll-2-butyW-methyl-lH-nmdazo[4,5^^ 
l-[2-(benzyloxy)ethyl]-2-<cyclopr<q?ylmethyl)-6-methy^^ 

amine; 

6J-dimethyl4-[2<3-phenylpropoxy)etiiyl]-2-propyl-lF-imidazo[4.^ . 
5 2KcyclopropylmethylW-dimethyl-l-[2<3-phmylpropoxy)^^^ 
c]pyridin-4-amme; 

2,6-dimethyl4-[2<3-phenylpropoxy)ethyl]4H-mudazo[4,5-^]p^ 
^6-dimeliiyl4K2-{[(2£)-3-pheaylprop-2-myl]oxy}ethyi>lH^^ 

amine; 

10 2.6^ethyl4-{2-[(3-phenylprop-2-ynyl)oxy]ethyl}-lH-iim 

6-meliiyl-l-[2<3-plwttylprq?oxy)ethyl>^piop^-lff-imidazo[4,5-^^^ 

2<cyclopiopylme&yl)-6-iiicthyl-l-[2K3-pheiiylpixv^ 

4-amme; 

6J-dmelhyl-2-piopyl-l-[2-(3-pyridin-3-y^ropoxy)efc^^ 
IS amine; 

2<cyclopropylmethyl)-67-dimethyl-l-[2K3i)yridm-3^^ 
c]pyridin-4-aiDine; 

2,6-dimethyl4-[2<3-pyridm-3-ylpropoxy)e&yl]-lH-umto^ 
2-(ethoxymethyl)-6-methyl-142K3-pyridm-3-ylpropoxy)ethyq^^^ 

20 4-ainme; 

6-methyl-2-propyl4-[2-(3-pyridin-3-y]piopoxy)ethyll4H-u^^ 
2Kcyclopropylme11iyl)-6-me1hyl-l-[2<3-pyridm-3-ylpropoxy)elliy^^^ 

c]pyridin-4-amine; 

6J-dimethyl-2-ptopyl-l-{2-[3<l,3-thiazol-2-yl)propoxy]^^^ 

25 c]pyridm-4-amine; 

6J-dimethyl-2-propyl-142K3-pyciiDidm-5-yipK)poxy)eti^^^^^ 

amine; 

6-me1hyl-2.propy^l-{2-[3Kl,3-thia2a^2-yl)propoxy]ethyl}-^^ 
amine; 

30 6-methyl-2-propyl4-[2K3-pyrinndin-5-y^iopoxy)eth^ 
amine; 
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6J-dimethyl-2-propyl-l-[2<3-pyriimdin-2-ylpropo^^^ 
amine; 

6J-^ethyl4-[3<methylMo)propyl]-lH-iimdazo[4,5-c]pyridin 

2,6J-tnmefliyl-l-[3<methylMo)propyl]-m-inu<iazo[4,5K^^ 

2-ethyl-6,7-4imelJiyl-H3<meliiyiauo)piopyl]-lH^ 

6jHiimeihyl4-[3<melhyl1hio)propyl]-2-propyl4H-m 

24nityi-6,7wlimetliyl-l-[3<mefliyllMo)propyl]-lfr-iii^ 

2-eliioxyme1hyl-6J-dimeliiyl-l-[3<meth)dthio)TO 

amine; 

2-metlioxyeihyl-6J-dimefliyl-l-[3Kniefli^tiuo)^ 
amme; 

2-cyclopiopylmethyW-dime(hyl-H3^methylthio)p^^ 
amine; 

6J-dimethyl-l-[3<methylsulfonyl)propyl]-lir-inridazo[4^^^ 

2A7-trimethyl-l-[3 (methylsulfonyl)propylHH-Mdazo[4,5-c]pyri 

2-ethyl-6,7-dimethyl443-(methylsulfonyl)propyl34iy-inridazo[4,5-<r^^ 

6J-dimethyl-l-[3<methylsulfonyl)propyl]-2-prDpyl-m-inrito 

24)utyl-6,7Hiimethyl4-[3-(me1hylsulfonyl)propyl]-li^imidaTO 

2HS&oxymethyWHiimethyi-l-[3<mettiylsalfonyl)piopyl]-l^^ 

amine; >: 
2-meflKayethyl-6J-<limeth3d-l-[3-(methylsul& 

amine; 

2-<}yclopropylme&yW-dimethyl-l-[3<methylsulfon3d)^^ 
c]pyridin-4-an3ine; 

6J-^eaiyl-l-[3-(me%lsulfinyl)piopyl]4Jir-imidazo[4^-^^ 

2,6,7-triniethyl4-[3Kme&ylsulfmyl)propyl]-lH-in^ 

2-elhyW-KJimethyl4-[3<methylsiilfinyl)piopyl]-ll^^ 

6J-dimfithyl-l-[3Kme%l8ulfinyl)propyl]-2-i>nq»yl-l^^ 

24)utylA7-diniethyl443-(methylsulfinyl)^ 

2-<tiiDxymethyl-6J-<limethyl-l-[3-(methylsulfinyl)pt^^ 

amine; 
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2-me1iioxye%l-6.7-dimethyl-l-[3-(me11iylsulfinyl)piopyl]-lf^ 
amine; 

2-cyclopropytoethyW-dimethyl-l-[3-(metbylsulfinyl)propyl]-lH-^ 
c]pyridin-4-aiiune; 

6J-dime%14-[3-0?lienyltWo)piopyl]-lif-Mdazo[4,5-c]pyridm-4-a^ 

2^7-trimethyl-l-[3-(phenyltMo)propyl]4H-iimdazo[4,5-c]p)ddm 

2-ethyl-6,7-dimethyl-l-[3-(phenylMo)propyl]-lH-iimdazo[4,5-c]pyridin 

6J-<iimethyl4-[3-(phenylthio)propyl]-2-pix)pyl-lF-iim 

2-butyW-^ethyl-l-[3-(phenyltMo)propyll4H-imidazo[4,5 

2-elhoxymetliyi-6,7-^etJiyl4-[3-(pheQyllHo)propyl]4ff-M 

amine; 
amine; 

2-<5yclopropylme&yi-^jHJimethyl4-[3-(phm3«Mo)p 
amine; 

6,7-4imethyl4-[3<phen)4sul&nyl)propyl]-lH-ind 

2,67-triinethyl-l-[3-(phimylsulfonyi)propyn-lH-inu 

2-elhyl-6,7-^Bmeth^yi-l-[3-^hfin5dsulfbnyl)propyl]-lH-M 

6,7-dimethyl-l-[3-(phenylsulfonyl)propyl]-2-propyl-l/r-imidazo[^^ 

2-butyl-6J^lime%l-l-[3-(pheaylsulfonyl)piDpyl]-lH-imidazo[4,5^^ 

2-e1hoxymethyW,7Klimethyl-l-[3-(plimylsulfonyl)piopyq^^ 

amine; 

2-methoxyethyW-dhnethyl4-[3-(pheaylsulfmyl)piopyl]-l^^ 
amine; 

2^;yclopropylmethyW-^ethyl-l-[3-(phenylsulfonyl)pr^^ 
c]pyridin-4-aniine; 

6,7HJimethyl4-[3-(phenylsulfinjd)propyl]-lff-imida2o[4,5-c]py^ 

2,6J-ttimethyl-l-[3-(plienylsulfinyi)propyl]-lJ?-imidazo[^ 

2-ethyl-^,7-^eihyl-l-[3-(phenylsuJfinyl)prqpyll-m-imidazo[4,5H^^^ 

6,7-^eaiyl-143-(phenylsulfinyi)piopyl]-2-pn>p^-m-imi^ 

2-*u1yl-6,7-dimethyl4-[3-(plienyisiilfinyl)propyl]-lH-inri 
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2-^oxymefliyW^iimethyl-l-[3-(pheQyisulfinyl)propyl]-m-im 
amine; 

2-methoxyetkyW-dimeth^yl-l-[3-(phea^sulfinyl)pK^^ 
amine; 

5 2-<jyclopropylmelhyl-^J-dimethyl-l-[3-<phenylsulfinyl)propyq 
c]pyridinr4-amine; 

6J-dimefliyl-l-[3-^yiiDudin-2-ylfliio)propyi]-l^^ 
2,6J-trimefliyl-l-[3-(pyrinddin-2-yltMo)piopyl]-lH^ 
2-*lhyl-^J-^ethyl-l-[3-(pyriniidin-2-ylMo)propyl>lH-imid^ 
10 6J-dimethyl-143-^yrimidin-2-ylMo)propyl]-2-propyl-lfr-^ 
amine; 

2-biityl-6,7-dimelhyl-l-[3-^yrimidin-2-yilMo)pr^ 
amine; 

2-ethoxymethyW-dimethyl-143-(pyrimidin-2-3dtM^ 
15 4-amme; 

2-methoxyethyl-6,7^ijmethyl-143-(pyrimidin-2-yltMo)propyl]4H^ 
4-amine; 

2<yclopropylmethyl-6,7Hiimethyl-l-[3-<pyrimidin-2-ylthio^^ 
c]pyridin-4-amine; 

20 6J-dimefliyl-l-[3-(pyrimidin-2-ylsulfonyl)propyl]-l/f-imidazo[4,5-c]pyri 
2,6J-tiimethyl-l-[3-(pyrimidin-2-ylsulfonyi)propyl]4/^inudaz^ 
2-^yi-^,7H!imeth3d-l-[3<pyrimidin-2-yisulfonyl)piopyl] 

amine; 

6J-^e%l-l-[3-(pyrimidin-2-ylsul&nyl)propyl]-2-pro^ 
25 amine; 

2-butyl-^,7-dimethyi-l-[3-(pyrinridin-2-ylsul&nyl)pro^ 
amine; 

2-^ox3methyl-6,7-dimethylrl-[3-(pyrnnidin-2-yl8^ 

c]pyridin-4-amine; 
30 2-melhoxyethyl-6,7-dime&yl-l-[3-(pyrimidin-2-ylsummyl 

c]pyiidinr4-amine; 
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2.cyclopiopylmethyl-6,7-dimethyl4-[3-(pyrumdin-2- 
c]pyridin-4-amine; 

6J-dimethyl4-[3-(pyrimidm-2-ylsulfinyl)propyl]4F-im 

2A7-trimethyl-l-[3-(pyriimdin-2-ylsulfinyl)piopyl]-lF-^ 

2-ethyW-^ethyl-l-[3-(pyrimidm-2-ylsumnyl)propyy^ 

anune; 

6,7-dimethyl-143-(pyiiinidm-2rylsulfinyl)propyl] 

amine ; 

2-butyl-^J-^e&yl-l-[3-(pyriniidin-2-ylsulfinyl)TO 

2-elhDxyme&yW-dimefliyl-143<pyrinndm^^ 
c]py]idinr4-aiQ]ne; 

l.mettioxyefliyiA7H3jmethyM-[3-Q?yrimidm-2-^ 
c]pyridin-4-amme; 

2-<;ycloprop3toieliiyl-^,7-dimethyl4-[3<pyriin^ 
c]pyriclin-4-aniine; 

l-[3-(butylMo)propyl]-6J-dimethyl4fr-Mdazo[4,5-c]pyri<^ 

1- [3-(butylthio)propyl]-2,6,7-trime%l-lir-iniidazo[4,5-c]pyri 
l.[3Kbutylthio)propyl]-2-ethyl-6J-<toe*hyl.lH-Mda2»[4^-c]p^ 
l.[3-(butylthio)propyl]-6J-dimethyl-2-propyl4B-iinito 

2- butyl4-[3-(butyithio)piopyl]-6J-dime%l-lH-Mdazo[4.5-c]pyridm-^ 

l-[3-(birtyltMo)piopyl]-2-^oxymethyl-^,7-dimeiiiyl4H^ 

l.[3.(butyllWo)piopyl]-2-methoxyethyl-6,7HJimethyl4H-iinidaz^ 

H3-(bu1ylthio)propyll-2-cyclopiopylmeihyW-dime1hyl4ff^ 

amine ; 

H3<butylsulfonyl)propyl3-6,7-dime4hyl4H-iinidazo[4,5-c]pyri 

1- [3<butylsalfbnyl)prppyll-2,6,7.trime1hyl4H-M 
l.[3<butylsulfonyl)piopyi]-2-«lhyl-6J-dime&^^^ 
l.[3<butylsulf<m^iopyl]-6,7-dimethyl-2-pn>p3d-^ 

2- butyl-l-[3Kbutyisulfcmyl)piopyl]-6J-dimd^^^ 
H3<butylsulfonyl)propyl]-2-^1iioxymethyW 
amine; 
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l.[3<but)d5ulf<myl)propyl]-2-methoxyethyl-6,7-dime^^ 



amme; 



l.[3Kbutjdsulfonyl)imjp3d]-2K}yclopiopylme*hyl^^^^ 
4.amme; 

5 i-[3.(butylsulfiny0piopyl]-6,7-Klimetti^4fr 

l-[3-(butyl8ulfinyl)propyl]-2,6J-trimethyl-lH-Md^ 

l.[3-(bulylsulfin3d)piopyl]-6,7-dimefc^d-2-p^^ 
24)utyl-H3<butyisulfinyl)propyl]-6J-<limeaiyl-lH^ 
10 l-[3-(butylsulfinyl)propyl]-2-^oxymeftyl-^J-dimelhyl-lfr^^ 



amine; 



l-[3-(biitylsuldBnyl)piopyl]-2-meihoxyefliyl-^,^ 

amine; -;• 
l-[3-(butylsulfinylWyl]-2-^ycl<>propyimethyl-6J-dimethyl-]^ 



15 4-amine; ' | 

l-{3-[(2,4-dicMorophenyl)lMo]propyl}-6J-dimethyl4H-imidaa^^ 

l.{3-[(2,4-dicMorophenyl)lMo]propyl}-2A7-trimethyl-lH-imi 

amine; f 

1- {3.[(2/Wichlorophenyl)^^ 

20 anune; ■ 
l.{3-[(2^dichlon>phenyl^^ 

4-amine; . .1 

2- butyi4-{3-[(2,4-dicMoropheayi)thio]propyl}.-6.7-di^^ 

amine; \ 
25 l-{3-[(2.4-dicMorophenyl)thio]piop^}-2-e&oxymeihyW 

c]pyridin-4-amine; | 
l.{3-[(2.4-dicMoroplienyl)Mo]propyl}-2-mefl)Qxye^ 

c]pyridin-4-ainine; 

l-{3-[(2,4-(ficmorophenyl)lMo]piopyi}-2-cydopropylme«iyW-^e^^ 

30 imidazo[4,5-c]pyridin-4-amine; 

l.{3_[(2,4-diclUoropheayl)sulfonyl]propyl}-6,7^iimethyl4H-im^ 



amine; 
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l-{3-[(2,4-dicMorophenyl)sulfonyl]propyl}-2A7-^ 
amine; 

l-{3-[(2,4-dicmorophenyl)?ulfonyl]propyl}-2-etiiy^^^^^ 
c]pyridin-4-aDiine; 

1- {34(2,4-dicMorophenyl)sulfonyl]propyl}-6J-dime&^^^ 
c]pyridin-4-aimne; 

2- butyl4-{3-[(2,4-dicWoropheayl)sulfonyl]propyl}-^,7^ 
c]pyriclin-4-aniine; 

l-{34(2,4-dicmorophenyl)sulfonyl]propyl}-2-ellM)x^ 

umdazo[4,5<:]pyridin-4-aniine; 

l-{3-[(2,4-dicmorophenyl)sulfonyl]pK)pyl}-2-meA^^ 

iinidazo[4^-^]pyridin-4-amine; 

l-{3-[(2,4-dicmoiophmyl)sulfonyl]propyl}-2-^^^^ 

imidazo[4,5-c]pyridin-4-amine; 

l-{3-[(2,4-dicmoroph0ayl)sulfinyl]prop34}-6J 

amine; 

l-{3-[(2,4-dicM<m>pheayl)sul£m3i]propyl}-2,6,7-tra^ 
amin^ 

l-{3-[(2,4-dicMorophenyl)sulfin3d]pKq)yl}-2-^3d-€^^ 
c]pyridiii-4-amme; 

1- {3-[(2,4-dicWorophmyl)sulfinyl]piopyl}-6,7-dimethyl-2-pKq?y^ 
c]pyridin-4-amine; 

2- butyl-l-{3-[(2,4-diclilorophenyl)sulfinyi]propyl}-6J-^ethyi-lH^ 
c]pyridin-4-amine; 

l-{3-[(2,4HficMoropheQyl)siilfmj4]propyl}-2-*t]iox)raiethyl-^,7Hto 
irMdazo[4,5-H3]p)Tidin-4-aiiiiae; 

l-{3-[(2,4HiicmoropheQyl)sulfin)d]pKq>yl}-2-methoxyeihyl^^^ 
imidazo[4,5-c]pyridin-4-ainine; 

l-{3-{(2,4-dichlorophmyl)sulfmyl]propyl}-2-cyclopropylmel3iy 
iimdazo[4,5-c]pyridm-4-amm^, 

l-{3^(2,4-dmuoiophmyl)thio]propyl)-6,7-dime&yl4ff-iim 
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1- {3.[(2,4HMuorophenyl)Mo]propyl}-2,6,7-trime&^^^ 
amine; 

2- ^yM-{3-[(2,4-difluoropheayi)thio]propyl}-6,7-^ 
amine; 

1- {3-[(2,4-difluoiophenyI)tMo]piopyl}-6J^ 
4-anmi6; 

2- butyl4-{3-[(2,4-dmnoK)phenyl)tbio]pio^ 
amine; 

2-etiM>xymethyl-l-{3-[(2,4-dmTioiopheiiyl)to^ 
c]pyridm-4-anune; 

1- {3-[(2,4-difluoniphenyl)thio]pK)^^^ 
c]pyridin-4-anune; 

2- cyclopiopylmethyl-l-{34(2,4-difluoiophenyl)thioJ^ 
imidazo[4,5-c]pyridin-4-amine; 
l-{3-[(2,4-(iifluoropheayl)sulfonyl]propyl}-6,7-dim^^ 

amine; 

1- {3-[(2,4-dmuoropheayl)sulfonyl]piopyl}-2A7- 
amine; 

2- ethyl-l-{3-K2,4-difluoxophenyl)sulfbnyi]propy^^ 
c]pyridin-4-anune; 

1- {3-[(2,4^iiorophfinyl)sulfonyl]propyl}-^,^ 
c]pyridin-4-ainine; 

2- butyl4-{3-[(2,4-dmuon>phmyl)sulfonyl]piop^^^ 
c]pyridin-4-ainine; 

2-ethoxymethyl-l-{3-[(2,4Himuorophe^^ 
imidazo[4,5-c]pyridin-4-anune; 

1- {3-[(2,4^Muoiophenyl)sulf<myl]propyl}-2-methox 
imidazo[4,5-c]pyridin-4-aniine; 

2- cyclopropylmethyl4-{3-[(2,4-difluon)phenyl)su^ 
imidazo[4,5-c]pyridjn-4-amine; 

1- {3-[(2,4-difluorophenyl)sulfinyl]propyl}-6 J-dime% 

amine; 
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1- {3-[(2,4-dmuorophmyl)sulfinyl]piopyl>-2A7-trimeth3d-lB-iim 
amine; 

2- etfayl-l-{3-[(2,4-<MuoK)phenyl)s\ilfinyl]propyl}-6J-KJimeth^^ 
c]pyridin-4-amine; 

1- {3-[(2,4-dmuorophaiyl)siilfiayl]propyl}-^J-dimethyW^ 
c]pyridiii-4-amine; 

2- biityl-l-{3-[(2,4-difluoiophOTyl)sul£myl]propyl}-6J-^ 
c]pyriclin-4-ainine; 

2-e(hoxytQethyl4-{34(2,4HfifluorDphmyl)sulfinyl]piopyl} 
cIpyiidin-4-aamie; 

1- {3^(2,4-diftraK>pheayl)sulfin34]propyl}-2-md^ 
c]pyiidin-4-aauiiB; 

2- cyclopropylmelhyl4-{3-[(2,4-<Mu<wopheny08ulfinyl]^ 
umdazo[4^-<;]pyridm-4-amine; 
7HmeJhyl4-[3-(mefliyifhio)prop3d]4H-iim<iazo^^^ 
2,7Hfimethyl4-[3KmethyltMo)piopyl]-lH-imidazo[4^ 
2-efliyl-7-inelh3d-l-[3<meth54thio)prqj3d]-lH-im 
6J-^ethyl4-[3<methylflrio)propyl]-2-i)nq)yl4H-M 
2-45iityl-7-me&yl-l-[3-(methylfluo)propyi]-lH-iinida2o[4^-c]^ 
2-^oxymdhyl-7-methyl-l-[3-(methylMo)propyl]-lH-Mdazo[4^-c]py^ 
2-methoxyethyl-7-methyl-l-[3-(mefliyltMo)propyl]-lB^inudazo[4^-c^^ 
2<yclop«q)ylmethyl-7-methyl-l-[3-<metiiyllMo)ptopyl]-lff-im 

amine; 

7-methyl-l-[3-(me1iiylsulfonyl)propyl]-lJy-inndazo[4,5-c]pyridin 

2J-Hlimefliyl-l-[3-<me%lsulfonyl)propyll4i^inndazo[4,5-c]^ 

2-^11iyl-7-mefliyl-l-[3<me1hylsulfonyl)propyl]-lH-inndazo[4,5-<:]pyrid^ 

7-meihyl4-[3<methylsulfonyl)propyl]-2-propyl4H-inridazo[4,5-c]^ 

2-but^-7-meayl-l-[3-<methylsulfonyl)piopyl]4iy-imidazo[4,5 

2-«flioxyme&yi-7-melliyl-H3<me%lsulf(myI)pr^ 

amine; 

2-methoxye&yi-7-md!iyl-l-[3-<methylsulf<myl)p^ 
amine; 
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2<3«lopropylme&yi-7-methyl-143<methyisulfonyi)propyll-^ 
amine; 

7-inBaiyl4-[3<methylsolfinyl)propyi]-li?-iniidazo[4,5-c]^^ 

2,7MJjmethyW-[3-(methyl£Mlfinyl)propyl]-l^^ 

2-^yl-7-mefliyl4-[3-(mefliylsulfbtiyl)im>pyl]-li^^ 

7-mefliyl4-[3<me1hylsulfinyl)piopj4]-2-propyl-lir-iimdazo[4^^^ 

2-butyl-7-meayl4-[3-(me&ylsiilfin3d)propyl]-lH-inrito 

2-ethoxymefliyl-7-methyl-l-[3Kmethylsulfinyl)propyl]-lff-iim 

amine; 

2-methoxyethyl-7-methyl-l-[3-(me&ylsulfinyl)propyl]-li^inri^ 
amine; 

2K5yclopropytoe%l-7-methyl4-[3Kmethylsulfinyl)propyi]-lH-imito^ 
amine; 

7-methyl-l-[3-(phenyltMo)propyl]-lfl-imidazo[4,5-c]pyridin-4-aniine; 

2,7-dimethyl-l-[3-(phenylthio)propyl]4//-inudazo[4,5-c]pyridin-^ 

2-ethyl-7-methyl4-[3-(plienylMo)propyl]4H-imidazo[4,5-c]pyridin-4-amin^ 

7-methyl4-[3-<phenyltBo)propyl]-2-propyl-lif-inudazo[4,5-c]pyridin-4-^ 

2-butyl-7-mefhyl4-[3-(phenyltMo)propyl]4f?-imidazo[4,5H:]pyridin-4-amine; 

2-ethoxymethyl-7-methyl4-[3-<phenylthio)propyl]-lH-imidazo[4,5-c]p)d 

2-meftioxye&yl-7-methyl4-[3Kphenylthio)piopyl]-l/f-inudazo[4,5-c]pyri 

2M5yclopropylmethyl-7-methyl4-[3-(phenyltbio)propyl]-lH-^ 

amine; 

7-mettiyl-l-[3-(phenyisiilfonyl)propyl]-lff-inndazo[4,5-<:]pyridin 

2J-<limelhyl-l-[3-(iphenylsu]f<myl)propyl]-lF-M 

2-^yl-7-melhyl4-[3-(phenylsulf(m3d)piopyi>lH-im 

7-melh)14-[3^phenj^onyl)propyl>2-propyl-lir-imid^^ 

2-butyl-7-methyl4-[3-(phenylsalfonyl)propyl]4H-inn 

2^oxymethyl-7-mefhyl-l-[3-<phfinylsulfonyl)propyl]4H-M 

amine; 

2-methoxy6%l-7-me%l-l-[3-(phenylsiilfonyl)propyl]-lH-imidazo[4,5<^^ 
amine; 
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2K;yclopropylmethyl-7-methyl-l-[3-(pheaylsulfonyl^^^^ 
axniae; 

7.me1hyl4-[3-(phenylsulfinyl)propyl]4F-mridazo[4.5-c]pyridin^ 
2,7-dimeliiyl-l-[3-(phenylsulfcyi)propyl]-lH-inndazo[4,5-c^^ 
5 2W^7-metllyl-^[3-(phenylsul£inyl)propyl]4H-hmdazo[4,5^^^ 
7^ethyM-[3-(phmylsulfiayl)propyl]-2-propyl-lH-iimd^ 
2*utyi-7-methyi-l-[3^phenylsulfinyl)piopyl]4H-iimto^ 
2^xymethyl-7-mefliyM-[3-(pheayisul£myl)pr<^^^^^ 

amine; 

10 2-melhoxyethyl-7-methyl-l-[3-(pheaylsulfiayl)propyl]-^ 
amine; 

2^;ycloptDpytoethyl-7-inelliyl4-[3-(phenylsulfiiiy^^ 
amine; 

7.methyl4-[3-(pyramdm-2-ylfhio)piopyl]-lH-mdto^ 
15 2J-dimethyl-l-[3-(pyrinn<Kn-2-ylfhio)propyl]4H-im 

7-methyl-l-[3-(pyriniidm-2-ylthio)propyl]-2-propyl-l^^ 

2-butyl-7-mefliyl-l-[3-(pyrinudm-2-yUlMo)piopylHM 

2-ethoxymethyl-7-methyl4-[3-(pyrimidm-2.yltMo)pro^^^^^^ 

20 amine; 

2-ineliM)xyethyi-7-methyl-l-[3-(pyriimdm-2-yl^^^ 
amine; 

2-cyclopiopylmeihyl-7-methyl443-(pyriBudm-2-yl1^^^ 

c]pyridin-4-amine; 
25 7.meayl4-[3-(pyrimdin-2-yisulfonyl)propyl]4H-i^ 

2J-dimelhyl-143-(pyriinidin-2-yisulfo^^ 

2Wl-7-methyl443-(pyriimdin-2-ylsulfonyl)pr^ 

amine ; 

7-inethyl-l-[3^pyriimdm-2-yisulfimyl)ptopyq^^^ 
30 amine; 

2-butyi-7-methyl4-[3-(pyrimidin.2-ylsuifonyl)propyl^ 

amine; 
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2.ethoxymetiiyl-7-methyl-l-[3.(p)ram^^^^ 
4-ainiiie; 

2-methoxyethyl-7-mefliyl-l-[3-(pyrimdm-2-yl^^ 
4-anune; 

2.<:yclopn>pylmefliyl-7-meaiyl-l-[3-(pyrimi^^^ 
c]pyridia-4-amiiie; 

7-methyl4-[3-^3ramdm-2-ylsulfinyl)im)p3d]-^ 
2J-^ethyl-143-(pyrimidin-2-ylsumnyi)piopyl]-lH-MdaM 
2-^yi-7-me(hyl4-[3-<pyrimidm-2-ylsulfinyl)propy^ 
7-me£hyl4-[3-(pyrinudin-2-ylsulfin3%ropyl]-2-propyl-l^^ 

amine; 

2-butyl-7-me%14-[3-(pyrMdm-2-ylsulfinyl)propyl]4H-imidazo[4^^^ 

2-ethoxymethyl-7-methyl4-[3-(pyrimidm-2-ykulfinyl)pro^^^ 

4.aiidne; 

2-methoxyethyl-7-methyl4-[3-(pyriimdin-2-ylsulfi^ 
4^anune; 

2-cyclopropylmethyl-7-meaiyl-l-[3-(pyriniidm-2-ylsul^ 
c]pyridin-4-amme; 

l-[3Kbutyltbio)propyl]-7-methyl4if-Mdazo[4,5-c]pyridm-4-ai^ 

l-[3<biityllMo)propyl]-2J^iimethyl4ff-ixnidazo[4.5-c]pyri^^ 

l-[3-(butyllMo)propyl]-2-^yl-7-me&yl-lif-mn 

1- [3-{butyllMo)propyl]-7-mefliyl-2-propyl-lH-inudazo[4,5-c]p^ 

2- butyW-[3<lwtjitMo)piopyl]-7-meth5d-l/^imidazo[4,5-cfe^ 
l-[3-(bTit3^o)propyi]-2-ethoxymeaiyl-7-methyl-lH^ 
l-[3-(biityllMo)propyl]-2-methoryethyl-7-melhyl-lif-i^^ 
l-[3-<butylMo)propyl]-2-cyclopropylmethyl-7-methyl4fr-^ 

amine; 

l.[3-(butylsulfonyl)propyl]-7-mettiyl-iiT-imida2o[4,5-cto^ 

l.[3.(butylsulfonyl)propyl]-2,7-dimethyl4H-inudazo[4^-c]pyndin-^ 

l-[3<butykulfonyl)propyl]-2-e%l-7-methyl-lH-inuda2»[4^-c]pyridi^ 

1- [3-(butylsulfonyl)propyl]-7-methyl-2-propyl-lfl^imidazo[4,5-c]pyrid^ 

2- butyi4-[3-<butylsulfonyl)propyl]-7-methyl-lfr-imidazo[4,5-c]pyridin-^ 
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l-[3-(butylsulfonyl)propyl]-2-ethoxyme%l-7-me&^^ 
l-[3-(butylsulfonyl)propyl]-2-methoxyetiiyl-7-m^ 
l-[3-{butyisiilfonyl)propyl]-2-cyclopropylmeth^ 
amine; 

143-(butylsulfinyl)propyl]-7-methyl-lJT-im 

l-[3-(butylsiilfinyl)propyl]-2jHiimethyl-lif-i^ 

l-[3-(butylsulfinyl)propyl]-2-^%l-7-methyl4/^ 

1- [3-<butylsulfinyl)pn)pyl]-7-methyl-2-propyl-li?- 

2- butyi-l-[3-(butylsulfinyl)pix>pyl]-7-methyl-li^^ 
l-[3-05Utybulfinyi)propyl]-2-ethoxymethyl-^^ 
l-[3-(biitj1sulfinyl)piopyl]-^^ 

amine; 

l.[3-(butylsulfin3d)pix)pyl]-2-K;yclopiopylme& 
4-amine; 

l-{3-[(2,4-dicWoropheayl)Mo]propyl}-7-mefl^ 
l-{3-[(2,4-dicMorophenyl)tMo]pn>p3d}-2,7-<^ 
l.{3-[(2,4-dicMorophenyl)thio]piopyi}-2-^liiyl-7-mei^^ 
amine; 

1- {3-[(2,4-dicmorophmyl)tMo]propyl}-7-methyl-2-^^ 
amine; 

2- butyl4-{3-[(2,4-dicMorophenyl)tMo]propyl}-7-me% 
amine; 

l-{3-[(2,4-dicMorophenyl)thio]propyl}-2-^thoxyme%^ 
c]pyridin-4-ainine; 

l-{3-[(2,4-dicWorophenyl)lMo]propyi}-2-metiioxye11^^^ 
c]pyridin-4-amine; 

l.{3-[(2,4-<Uchloroplienyl)Mo]propyl}-2-<:yclop^ 
c]pyridin-4-ainine; 

l.{3.[(2,4-dicMoropheayl)siilfonyl]propyl}-7-^^ 

l-{3-[(2,4-dicmorophenyl)swlfonyl]propyl}-2,7-dm 

amine; 
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l-{3-[(2^dicMorophenyl)siilfonyl]propyl}-2-ethyl-7-^^ 
4-ainme; 

l-{3-[(2,4-dicMoiophenyl)sulfonyl]prop^ 
4-amme; 

5 2-butyl4-{3-[(2,4-diciaoix>phenyl)sulfonyl]propyl}-^^ 
4-amine; 

l-{3-[(2,4-dicMorophenyl)sulfonyl]pn>pyl} 
c]pyridm-4-ami3ie; 

l-{3-[(2,4-dicMorophenyl)swlfonyl]pio^ 

10 c]pydclm-4-amiiie; 

l-{3-[(2,4-dicMon)phenyl)sulfimyflpropyl}-2-<ycloprop 

jim(]azo[4,5-«]pyridin-4-amiiie; 

l-{3-[(2,4-dichlorophenyl)sulfinyl3prop54}-7-melhy 

l-{3-[(2,4^HcMorophenyl)sulfinyqpropyI}-2,7Hiimefliyl4H-M 

15 amine; 

l-{3-[(2,4-dicWoropheayl)sulfuayl]propyl}-2-e%l-7-methyl4fr-^ 
amine; 

l-{3-[(2,4-dicWoiophenyl)sulfinyl]piopyl}-7-methyl-2-pn)pyl-lH-iM 
4-amine; 

20 2-butyl-l-{3-[(2,4-dicMorophenyl)sulfinyl]propyl}-7-methyl-lH-iim 
amine; 

l-{3-[(2,4-dicWoiopheayl)sulfinyl]propyl}-2-^oxymethyl-7-methyl-l^ 
c]pyridin-4-aiaine; 

l.{3-[P,4-dichlorophenyl)sulfinyi]propyl}-2-methoxyethyl-7-me^ 

25 c]pyridin-4-aii]in^ 

l.{3-[(2,4-dichloiophenyl)sulfinyl]prop5l}-2^:yclopropyto 

inudazo[4»S-«]pyridm-4-amine; 

l.{3-[(2,4-dmuoiophmyl)tMo]piop3d}-2J-Kli^ 
30 2-ethyl4-{3-[(2,4-difInoioplienyl)Mo]ptopyl}-7-meaiyl-^ 

amine; 

U ' 
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l.{34(2.4HMuoropheayl)tMo]propyl}-7-methyl-2-propyl4H^^ 

amine; 

2-butyi4-{3-[(2,4^iu)iopheayl)tiuo]propyl}-7-me1hyl4H-^ 



amme; 



5 2^xymethyl-l-{3.[(2.4-dmuoioplieayl)thio]piopyl}-7-me&^^^ 
c]pyridin-4-ainiiie; 

c]pyridiii-4-aixune; 

2^yclopiopytaefliyl-l-{3-[(2,4^uoropheayl)to)^ 

10 c]pyiidin-4-aii)me; 

l.{3.[(2,4^«oiophmyl)solfi)nyi]propyl}-7-methyl^^^^ 
l.{3-[(2.4^iiorophenyl)sulfonyl]piopyl}-2J-dime&^^ 

amine; 

2-etfayl-l-{3-[(2,4HJi£hioiopheayi)sulf<myl]^^ 
15 amine; 

l.{3-[(2.4-difluorophenyl)sulfbnyl]piopyl}-7-methyl-2.^^ 
4-aiiiine; 

2-butyl4-{3-[(2.4-(MTM>rophmyl)sulfonyl]propyl}-7-meliiyM^^ 
amine; 

20 2-ethox3me%14.{3.[(2,4^uoropheayl)sulfonyl]propyl}-7^^ 
c]pyridin-4-amine; 

l.{3-[(2,4-difluoropheayl)sulfon^]propyl}-2-methDxyethyl-7-^^ 
c]pyiidin-4-amine; 

2Hq^lopiopylmefliyl-l-{3-[(2.4^uorq?heayi)sulfOT^^ 

25 iniidazo[4^-c]pyridin-4-amine; 

l.{3-[(2.4^uoiophenyl)sulfinyl]piopyl}-7-metiiyl4M 

l.{3-[(2,4^u<)rophenyl)8ulfinyl]im)pyl}-2J-di^ 

amine; 

30 amine; 

l.{3-[(2,4^uorophenyi)sulfinyi]propyl}-7-m^yl-2-pt^^^^ 
4.amine; 
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2-biityM-{3-[(2,4-dmuorophenyl)sulfinyl^^ 
aioine; 

2-^xymefliyl-l-{3-[(2.4-dmuoiophenyl)sulfinyl]pro^^^ 
c]pyrid]n-4-an]m^ 

l.{3.[(2,4-dmuoropheayl)sulfinyl]propyl}-2-meihoxyethyl-7-m^^^ 
c]pyridjn-4-aiDiiie; 

2-cyclopropytoelhyl-l-{3-[(2,4-difluorophemyl)sulfinyll^^ 

iimdaM[4,5-<:]pyridin-4-axnine; 

6,7-Kiimeihyl-l-[4-(melhyltiuo)btityl]4H-iim 

2A7-trimethyl-l-[4Kmethyltbio)butyl]-lH-imida2»[4,^^^ 

2-ethyMjHJime&yl4-[4KniethylfMo)butyl]4H-Mdazo[4,5-c3p^ 

6J-dimefhyl4-[4<methyl1too)butyl]-2-prop3d-lff-imi 

2-butyW-dimethyl4-[4<mefliyltMo)butyl]4ff-iimdazo[4,5-c^^ 

2-ethoxjmethyl-6J-dimethyl4-[4-(mettiyltMo)biityl]-lH-M 

2-methoxyethyl-6J-dimethyl4-[4-(methyithio)butyl]4H-umto^ 

2-K;yclopropylmeaiyW-4imethyl4-[4-(methylthio)butyl]-lH-^ 

amine; 

6,7-dimethyl4-[4<methylsulfonyl)butyl]-l/^iimdazo[4,5-c]pyridm-^ 

2,6J-trimethyl-l-[4-(methylsulfonyl)butyl]4H-Mdazo[4,5-c]py^ 

2-ethyWJ-dimethyl4-[4-(methylsulfonyl)butyl]4/f-iimdazo[4,5-c^^ 

6,7-^ethyl4-[4<methylsvilfonyl)butyl]-2-propyi4i^iimto^ 

24)utyl-6J-dimethyl-l-[4^methylsulfonyi)butyl]4H-iim^ 

2-eflK>xymelhyW-dimeihyl-l-[4<methylsulfonyl^^ 

amine; 

2-metboxyefliyW-^eihyl-l-[4-(methyisdfonyl)butyl]-lff-^ 
amine; 

2H;yclopropylmeih3d-6J^toelhyl-l-[4Kmethylsulfo^^^^ 
4.amine; 

6,7-dimeihyi-l-[4-(methylsulfinyl)butyl]-lff-imidazo[4,5-c]^^ 
2,6J-liimetbyl4-[4-(methylsulfinyl)butyl]-lH-imidazo[^^^ 
2-ethyl-6.7-dime%l-l-[4-(methyisulfiny1)butyl]4H-inridazo[4^te^ 
6,7-K3ime%l-l-[4-(methylsvilfinyl)butyl]-2-propyl4J?-iniidazo[4,5^^ 
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2-butyl-6J-dimethyl4-[4-(me%lsulfinyl)buty^^ 
2-ethoxymethyl-6J-dime1iiyl-l-[4-(methylsulfin 
amine; 

2-methoxyefliyl-6J-dimetiyl-l-[4-(me%lsu^ 
5 amine; 

2-cyclopiopylmethyl-^J-<iimethyl-l-t4-(methyls^^ 
4-amine; 

6J-dimetliyl-l-[4-(phmylthio)butyl]-lJy-M 
2,6,7-trimethyl-l-[4-(pheQyW3io)butyl]-^^ 

10 l-dStkyl-SJ-i^dky^^^ 

6J-^eliiyl-l-[4-(pheayl1iuo)biityl]-2-pr^ 
2-butyW,7KiimefliyI-l-[4-(pheaylthio)bu^ 
2^oxymetli)d-6J-<iime1iiyl-l-[4-(phm^^ 
2-metiioxyefliyl-6,7HJimethyl4-[4-(phen^liuo^ 

15 2-^:yclopropylmethyW,7Hiimethyl"l-[4-(pheaylt^^ 
amine; 

6,7-dimethyl-l-[4-(phenylsulfonyl)butyl]-lif-iniid^ 
2,6 J-trimethyl4 -[4-(phenylsulfonyl)butyl]-lJ^^ 
2-^thyl-^jHiime1byl-l-[4-(pheaylsiilfonyl^^^ 
20 6,7-dimethyl-l«[4<phenylsulfonyl)butyl]-2-p^^^ 

2-butjd-6,7-dimelJiyl-l"[4-(phenylsulfonyl)butyl]-li^^ 

2-^&oxymethyl-^,7-dimetbyl-l-[4-(phm^ 

amine; 

2-methoxye1hyl-^J-dimethyl4-[4-(phenylsuIfonyl^^^ 
25 amine; 

2-cycbpropylmelJiyl-^,7-dimethyl-l-[4-(phenyls^^ 
4-axnine; 

6,7Miimefhyl-l-[4-(phenylsulfinyl)butyl]-l^^ 
2,6,7-trimethyl4-[4-ft)henylsiilfinyl)butyl> 
30 2-ethyl-^,7-dime1hyl4-[4-(phenylsu^ 

6J-dimethyl-l-[4-ft)henylsulfinyl)butyl]-2-propyt 
2-butyl-^,7Hlimethyl4-[4-(phenylsulfinyl)butyq^ 
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2-e1hoxymethyW,7-dimethyl-l-[4-(phen3dsul^^ 
amine; 

2-methoxyethyl-6,7-4imelhyl-l-[4-^henyisi^^ 
amine; 

5 2-^yclopropylniethyl-6,7-^iimieihyl-l-[4^ (txz- 
4-anune; 

6,7-dinie(hyl-l-[4-(pyiitmdin-2-ylW 
2,6J-trimethyl-l-[4-(pyrimidin-2-ylthio)^ 
2-^yWJ-diniethyl-l-[4-(pyriniidin-2-ylM 
10 6,7^iime&yl-l-[4-^yiinudin-2-ylfWo)buty^ 
24)utyl-6J-<iimetiiyl-l-[4-(pyrim^ 
2-^oxymethyl-6,7-4iniethyl-l-[4-(pyri^ 
4-ainine; 

2-mettioxyethyl-6 J-dimethyl-l-[4-<pyrimidin-2"ylt^^ < J:' > - 

IS 4-aniine; 

2-xyclopropylmethyl-6,7-<iiniethyl-l-[4-(pyr^ 
c3pyridin-4-aniine; 

6,7-diniethyl-l •[4-(pyrinudin-2-ylsidfonyl)^^ 
2,6,7-1iimefhyl-l-[4-(pyrinudin-2-ylsulfo 
20 2'^th^yl-6 J-Kiime%l-l-[4-<pyriimd^^ 
amine; 

6J^linie1hyl-l-[4-(pyrimidin-2-ylsu^^ 
amine; 

2-butyMJ-diniethyl-l-[4-^yrinddin-2-y^ 
25 amine; 

2-^oxymethyW,7-<linaethyl-l-[4^pyrM 
c]pyridin-4-amine; 

2-methoxyethyl-6J-dimethyl-l-[4-(pyrimidin-^^ 
c]pyridin-4-anune; 

30 2-cycIopropylmethyW J-<Iiniethyl-l-[4-^y^ • 
c]pyridin-4-ainine; 

6,7-dimethyl-l-[4-(pyrinudin-2-ylsulfin 
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2,6 J-trimethyl"l -[4-(pyriiiudm 

2-ethyl-6J-dimethyl-l-[4-(p3ainidin-2-ylsd 

amine; 

6J-dimetliyl-l-[4-(pyrinudin-2-ylsulfinyl^^ 
5 amine; 

2-butyl-6,7Ktimethyl-l-[4-(pyrimidin-^^ 
amine; 

2-ethoxymetiiyl-6,7-dimethyl-l-[4-(pyrin^ 
c]pyridin-4-amine; 
10 2-methoxyethyWJ-dime(hyl-l-[4^yr^ 
c|pyndin-4-amine; 

2-cycIopropylmefh^-4S,7-dimeth)l-l-[4-^ 
c]pyridin-4-anune; 

l-[4Kbutyltfuo)butyl3-6J-Kfimethyl-l£r-in^ 
15 l-[4-(butyllMo)biityl]-2,6J-trimefhyl-m^ 
l-[4-(butylthio)butyl]-2-^yW,7-dimefli^^ 

1- [4-(butjdlMo)butyl]-^J-dimelhyl-2-pi^ 

2- butyl4-[4<fautyItMo)butyl]-6J-<iime&yl^ 
l-[4<bu1ylthio)butyl]-2-ethoxymethyl-^J-dime%l-lfrM 

20 l-[4<butyltMo)butyl]-2-methoxyethyl-^,7-dimethyl-li^^ 
1 -[4-(butyltMo)butyl]-2-cyclopropylmel3iyl-6 J-^^ 
amine; 

144-(butylsulfonyl)butyl]-6,7HMmethyl-lfr-M 
l-[4-(butylsulfonyl)butyl]-2,6J-trimethyl-l/^ 
25 l-[4-(butylsulfonyl)butyl]-2-^thyW,7-dimet^^^ 

1- [4-(butylsulfonyI)butyl]-6jKlimethyl-2-pro 

2- butyl4-[4-(butylsiilfonyl)butyl]-6,7-dimeth^^ 
l-[4-(butylsulfonyl)butyl]-2-^oxymethyM,7-^^ 
amine; 

30 l-[4<bntylsulfonyl)butyl]-2-me1iioxye^ 
amine; 
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l.[4^utylsulfonyl)bTityl]-2-cyclopropylm^ 
4-amme; 

5 l-[4-(butjdsulfiByl)biityl]-2-e&^^ 
l-[4<butyisidfinyl)butyl]-6,7^1im 
24)ut34-l-[4-<bulylsulfinyl)butyl]-6,7H3^ 
l-[4<but5dsulfinyl)butyl]-2-^oxymeth^ 
amine; 

10 l-[4-(butylsulfibiyl)bu1yl]-2"methoxyethyl-6J--d^ 
amine; 

l-[4-(butylsulfinyl)butyl]-2-cyclopropylmethyl-6J-^^ 
amine; 

l-{4-[(2,4-dicUorophenyl)tUo]but5d}-6J-<Jimethyl-l^^ 

15 1- {4-[(2,4-dichlorophenyl)thio]butyl} -2,6 J-trimethyl-lfr-imidazo[4,5-c]pyridiii"4^ ^ <i\ v. 

l-{4-[(2,4-dicMorophenyl)thio]butyl}-2-e%^^ 
amine; 

l-{4-[(2,4-dicUorophenyl)tMo]bu^l}-6 J-dimethyl-2-propyl^ - 
amine; 

20 2-butyi-l-{4-[(2,4HficMorophenyl)thio3butyl}-6^^^ 
anoine; 

1- {4-[(2,4-dicM(nx)pheayl)thio]but^}-2-ethox^ 
c]pyridin-4-ainine; 

l-{4-[(2,4-dicMorophenyl)thio]bu^}-2-metbox^^ 
25 c]pyridin-4-ainine; 

l-{4-[(2,4-dicUorophenyI)tWo]bufyl}-2-<rycIop^ 
imida2o[4,5-c]pyridin-4-amine; 
l-{4-[(2,4-dicUorophaiyl)sulfonyl]butyl}-6J-d^ 
amine; 

30 l-{4-[(2,4-dicUorophenyI)sulfonyl]butyI}-2,6J-t^ 
amine; 
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l-{4-[(2,4-dicMorophenyl)sulfonyl]butyl}-2-eU^^ 
c]pyridiii-4-amine; 

l-{4.[(2,4-dichlorophenyl)sulfonyl]butyl}-6,^ 
c]pyridm-4-ainine; 
5 2"biityl-l-{4-[(2,4-diclilorophenyl)sulfonyl]bii^^ 
c]pyridiii-4-ainine; 

l-{4-[(2,4-dicMorophmyl)sulfonyl]butyl}-2-etiioxy^ 
c]pyridiii-4-ainiiie; 

l-{4-[(2,4-dicUoropheay])siilfonyl]butyl}-2-m 
10 c]pyridm-4-anune; 

l-{4-[(2,4-dicMoropheayl)sulfonyi]butyl}-2-c^ 
iimdazo[4,S-c]pyridin-4-anime; 
l-{4-[(2,4-^cWoropheayl)sulfiayl]butyl}-^,7H^ 
amine; 

15 l-{4-[(2,4-dichloropIiOTyl)sulfinyl]b^ 
amine; 

1 -{4-[(2,4-(ficWoiophenyl)sulfinyl]butyl} -2-ethyl-6,7-4imethyl-lH-inddazo[4,5-c]pjndd^^ 
4-amine; 

1- {4-[(2,4«-dichlorophenyl)sulfinyl]butyl}-6,7-dimeth^ 
20 c]pyridin-4-ainine; 

2- butyl4-{4-[(2,4-<UcMoropheayl)sulfinyl]butyl}-^^^ 
clpyddin-4-aimne; 

1- {4-[(2,4-dicMorophenyl)sulfinyl3bu1yl}-2-etbox 
c]pyridin-4-aiimie; 
25 l.{4-[(2,4-dicUorophenyl)sulfinyl]butyl}-2-meth^ 
c]pyridinr4-amine; 

l-{4-[(2,4-dichloiq3henyl)sulfinyl]butyl}-2-cyclop^ 
imidazo[4,5-c]pyiidin-4-a3imie; 

1- {4-[(2,4-di£luoixq)henyl)thio]butyl}-6,7Hiim 
30 l-{4-[(2,4-difluorophenyl)lMo]butyl}-2,6J-ti^ 

2- ^)4-l-{4-[(2,4-difluorophenyl)thio]biityl^ 
amine; 
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1 - {4-[(2,4-difluorophenyl)thio]bu^} J^iimethyl-2-propyl-lH.iimdazo[4,5^^^ 
amine; 

2-butyl-l-{4-[(2,4-difluorophenyl)tMo]butyl}-6,7-K^ 
amine; 

5 2-e1hoxyme%14-{4-[(2,4-difluorophen)4)Mo]bi^^ 
c]pyridin-4-anune; 

1- {4-[(2>4Hiifluomphenyl)tMo]bul54}-2-me^ 
c]pyridiii-4-amme; 

2- <5yclopiopylmeliiyl4-{4-[(2,4-difliioroph 
10 ch>yridin-4-amine; 

l-{4-[(2,4-dmuorophenyl)sulfonyl]butyl}-6J^ 
amine; 

1- {4-[(2Adifluorophenyl)sulfonyl]butyl}-2,6,7-^ 
amine; 

15 2-^tbyl4-{4-[(2,4-di£hiorophenyl)sulfonyl]butyl}-6,7-^ 
c]pyridin-4-amine; 

l"{4-[(2,4HMuorophenyl)sulfonyl]biityl}-6J-dime%^ 
c]pyridm-4-amine; 

2- butyl4-{4-[(2,4-difluorophenyl)sulfonyllbuty^^ 
20 c]pyridin-4-amine; 

2-ethoxymethyl-l*{4-[(2Adifluoiopheayl)si^^ 
c]pyridia-4-amine; 

l-{4-[(2,4-difluorophenyl)siilfonyl]butyl}-2-methoxye%^ 
c]pyridinr4-amine; 
25 2-<;yclc5)ropylmethyl-l-{4-[(2,4-<Miior^ 
imidazo[4,5-c]pyridin-4-amine; 
l-{4-[(2AdiflTOrophenyl)sulfinyl]butyl}-6,7-^ 
amine; i 

1- {4-[(2,4-difluorq)henyl)siilfinyl]bu1yl}-2,6,7-t^ 
30 amine; 

2- ethyl4-{4-[(2>difluorophenyl)sulfinyl]butyl}-6J 
4-amine; 

\ 
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1- {4-[(2,4Hlifluorophenyl)sulfinyl]butyl}-6,7H^ 
c]pyridin-4-amiae; 

2- butyl-l-{4-[(2,4-difluorophenyl)sulfinyl]butyl}-6,7H^ 
4-ainiiie; 

5 2-ethoxymethyl-l-{4-[(2Adifl^orophenyl)sul^ 
c]pyri<lin-4-ainiiie; 

1- {4-[(2,4-KMiioropheayl)sulfiaiy^^^ 
c]pyridin"4-amme; 

2- cyclopropylmeth.yl-l-{4-[(2,4-difluoioph^^ 
10 iinidazo[4,5-c]pyridin-4-aniine; 

7-melhyl-l-[4-^methylMo)butyl]-lif- 
2J-Kiimethyl-l-[4-(methylfhio)bi^^ 
2-^yl-7-melhyl-l-[4-(methyltMo)butyll-l^^ 
6,7-dime*hyl-l-[4-(melii^ 
15 2-biilyl-7-methyl-l-[4-(methyllMo)butyl^^ 

2-e4hoxyme11iyl-7-methyI-l-[4-(methylfhio)bi^ 
2-inefhoxyefliyl-7-mefliyl-l-[4-(m^ 
2-<jyclopropylme<hyl-7-mefhyl-l-[4-(met^^^ 
amine; 

20 7-methyl-l-[4-(methylsulfonyl)butyl]-lH-i^ 
2 J-dimethyl- l-[4-(metliylsulfonyl)butyl]-li^^ 
2-ethyl-7-methyl-l-[4-(mefhylsulfonyl)butyl3-lj^^ 
7-methyl-l-[4-(metiiylsulfonyl)butyl]-2-pTopyl-lJ^^ 
2-butyI-7-methyl-l-[4-(methylsuIfonyI)butyl]-l/f-^ 

25 2-efhox>inethyl-7-methyl-l-[4^me11iylsul^^ 
2-me11ioxye11iyl-7-me%l-l-[4-(methylsulfon^ 
2-K:yclopropylmethyl-7-methyl-144<mefhyls^^ 
amine; 

7-methyi-l-[4-(me£bylsulfinyl)^ 
30 2,7-dimetbyl-l-[4-(mefhylsulfi^^ 

2-e£hyl-7-methyl-l-[4-(methylsiil£myl)butyl]- 
7-methyl-l-[4-(methylsulfimyl)butyl]-2-propyl-l^^ 

107 



wo 03/103S84 



PCT/US03/17659 



2-butyl-7-methyl-l-[4-(metiiylsulfinyl)butyl]-li/^inuda2» 
2-ethoxym6thyl-7-methyl-l-[4-(melhyIsuIfinyl)butyl]-l^r-iniidazo[^^^ 
• 2-meflioxyethyl-7-methyl-l-[4-(metiiylsulfmyl)butyl]-lH-iinidazo[^^ 

2<ycloim>pylmethyl-7-methyl-l-[4-(methylsulfm34)buty^ 
S amiae; 

7-mefli3d-l-[4-(pheQyllMo)butyl]-l/r-iimdazo[4^<:3pyridm-4-a^ 

2-^yl-7-methyl-l-[4-(phenyithio)biityl]4ff-nmdazo[4,5-^^ 
7HnMfliyl-H4-^hea)dfliio)biii3d]-2-piop^-lH-imidazo[4^-c]pyridm 
10 2-bvtyl-7'm<^yl-l-[4-(pl^yimo)h^^ 
2-eaM)xvmelh^-7-metfavl-l-r44phmvl^^ 

2<ycloim)pylmetliyi-7-inethyl-l-i4-^heaylfhio)butyl]-l^^ 
amme; 

15 7-methyl4-[4-(phenylsidf(myl)butyi]-lF-nmdazo[4,5-c]pyrid^ 

2J^Jime%l-l-[4-(phenylsulfonyl)butyl]-lF-imidazo[4,5-^]pyri 

2-dhyl-7-methyl-l-[4-(pheQylsulfonyl)butyl]-li/-imidaOT 

7-methyl4-[4-^heQylsulfonyl)butyl]-2-pn>pyl-l/r-iinidazo[4,5-c]^ 

2-butyl-7-me%l-l-[4-(phen5dsulfonyl)butyl]-lff-imidazo[4,5-^^^ 
20 2-*thoxyme%l-7-methyl-l-[4-^henylsulfonyl)butyl]-Lff-imida2» 

2-methoxyetliyl-7-methyl-l-[4-(phenylsulfonyl)butyl]-lH-iimdazo[4,5 

2-<yclopropylme&)i-7-mdIi^-l-[4-^hen)1sulfonyl)buty^ 

amine; 

7-meth5d-l-[4-(iphenylsulfin3d)butyi]-lfr.imidazo[4,5-c^ 
25 2,7^Jim^yl-l-[4-0ahenylsulfinyl)bu^]4H-iimda^ 

2-^^-7-meai^-l-(4-^hmyIsul£m3^but3^]-lH-Mdazo[4,5-<r]pyri 

7-me&yM-[4-0?henylsulfmyl)butyl]-2-piop^-lH-iim 

24)ii^-7-methyI-l-[4-(ph<mylsulfmyl)but3d]-ljy-im 

2-^oxymefliyl-7-me&yl4-[4^phOTyisulfin3d)butjd]-lfl^iimdazo[4,5^^^ 
30 2-4aesaxoxydihyl-7-mQ±^^ . 

2-K:yclopropylmelhyl-7-methyl-l-[4-(phenylsulfinyl)butyl]-lH^ 
amine; 
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7-methyl-l-[4-(pyrimidin-2-ylMo)butyl]-l/^^ 

2,7-dimethyl-l-[4-(pyrmudin"2-yltM^ 

2-efliyl-7-methyl-l-[4-(pyriinidin-2-yltMo)^^ 

7-methyl-l-[4-(pyrinudin-2-yltMo)butyi]-^^^ 

2-butyl-7-methyl-l-[4-(pyriinidin-2-yUfluo)buty^^ 

2-^1hoxymethyi-7-methyl-l-[4-(pyiiinidm-^^^ 

amine; 

2-meihoxyethyl-7-methyl-l-[4-^yriixii^^ 
amine; 

2^^1opiopylmethyl-7-metiiyl-l-[4-(pyri^ 
4-amine; 

7-mef&)44-[4-^yrinudin-2-5rt^^ 

2,7-dimethyl-l-[4-(pyriinidin-2-ylsii^ 

2-e1hyl-7-methyl-l-[4-(pyriniidin-2-^te^ 

7-me1iiyl-l-[4-ft>yriinidin-2-ylsulfon3d)bul^^ 

amine; 

2-butyl-7-methyl-l-[4-(pyriimdin-2-ylOTlfo^ 

2-ethoxymethyl-7-methyl-l-[4-(pyrinudin-2-jfe 

4-ainine; 

2-me1hoxyethyl-7-methyl-l-[4-^yximidin-2-ylsul^^ 
4-amine; 

2-cyclopropyImethyl-7-methyl-l-[4-ft)yrimid^^ 
c]pyridin-4-amine; 

7-me%l"l-[4-(pyriniidin-2~ylsulfinyl)butyl34i^^ 

2,7-^ethyH-[4-(pyiimidin-2-ylsulfibiyp^ 

2-^yi-7-meliiyl4-[4-(pyrimidin-2-ylsul^ 

7-meth3d-l-[4"6>y™aidin-2-yisulfinyl^^^ 

2-butyl-7-metbyl-l-[4-^yrimidin-2-ylsulfin^^^ 

2-eflioxymefliyl-7-methyl-l-[4-0)yrimidinr2-ylsid&^^ 

4-axxiine; 

2-meflioxye1hyl-7-methyM-[4-(pyrimidin-2-ylsul^ 
4-amine; 
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2-cyclopropytoetiiyl-7-methyl-l-[4-(pyrinud^^ 
c]pyridiii-4-ainine; 

l-.[4-(butylthio)butyl]-7-melhyl-lH-imidaz» 
l-[4-(butyl1iuo)biityl]-2jKiim€&^ 
5 l-[4-(butyltbio)butyl]-2-^yl-7-meliiyl-l&i^ 

1- [4-(but3ithio)butyl]-7-methyl-2-propyl-l£r-inud^ 

2- butyl-l-[4-(biityltMo)butyl]-7-methyl^ 
l.[4^utylMo)bu1yl]-2-e1iioxymetiiyt^^ 
l-[4-(butyltbio)butyl]-2-meflK)xye*hyl-7-met^^ 

10 l-[4-<biitylMo)biityl]-2-<:yclopiopylmet^^ 

1 -[4-(butylswlfonyl)biit3rf[]-7Htnethyl-^^ 

l-[4-(butylsulfonyl)bu1yi]-2,7'KJime&^ 

l-[4-(butylsulfonyl)butyl]-2-elliyl-7-me1h 

l.[4^utylsulfonyl)butyl]-7«methyl-2-propyl-l/r- 
15 2-butyl-l-[4-(biitylsulfonyl)butyl]-7-methyl-lff-i^ 

l-[4-(butylsulfonyl)butyl]-2-ethoxymethyl-7-methy^^ 

l-[4-(butylsulfonyl)butyl]-2-methoxyethyl-7-methyl-l^^ 

l-[4-(butylsulfonyl)butyl]-2-<)ycIopropylmeth 

amine; 

20 l-[4-(butylsulfinyl)butyI]-7-methyI-liy-imidazo[^^ 

l-[4-(butylsulfinyl)butyl]-2,7-dimelhyl-l^ i 
l-[4-(butylsulfinyl)butyl]-2-^yl-7-melh 

1- [4-(biitylsulfmyl)butyl]-7-mel^^ 

2- butyl-l-[4-(butylsuIfaiyl)butyl]-7-m^ 
25 l-[4-(butylsulfinyl)biityl]-2-^oxyme^^ 

l-[4-(butylsulfimyl)biityl]-2-methox^ 
amine; 

l-[4-(butylsulfinyl)butyl]-2-cyclopK>pyImethyl-6J-^^ 
amine; 

30 l-{4-[(2,4-dicUorophenyl)tWo]butyl}-7"methyl-l/r-imida^ 
l-{4-[(2,4-dichlorophmyl)1hio]butyl}-2J-<limethyl-l^^ 
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l.{4.[(2,4-dicmorophenyl)tMo]bul54}-2-e1hyl-7-me%^ 
amine; 

l-{4-[(2,4-dicUoroplienyl)thio]butyl}-7-me%^ 
amine; 

5 2-bntyi-l-{4-[(2,4-dicWorophenyl)lMo]buty^^ 
amine; 

1- {4-[(2,4-dicWoi»phenyl)thio]butyl}-2-^thox^ 
c]pyridin-4-ainine; 

l-{4-[(2,4-dicUoiopheayl)thio]but3d}-2-methoxye&^^ 
10 cJpyddiii-4-amine; 

l-{4-[(2,4-dicMorpphenyl)lMo]bTityl}-2-^yclop^ 
c]pyridin-4-amine; 

l-{4-[(2,4-dicMorqphenyl)sulfonyl]butyl}-7Htne%^ 
l.{4-[(2,4-dicUoiopheayl)sulfbnyl]biityl}-2J-^^ 
15 amine; 

1- {4-[(2,4-dicUoropheayl)sul&nyl]butyl}-2-^yl-7-m 
amine; 

l.{4-[(2,4-<KcUoiophenyl)sulfonyl]butyl}-7-metiiyl-2-pi^ 
4-amine; 

20 2-butyl-l-{4-[(2,4-dicWoropheayl)siilfonyl]butyl}-7^^ 
amine; 

l-{4-[(2,4-dichIorophenyl)sulfonyl]butyl}-2-^th^ 
c]pyridin-4-amine; 

l-{4-[(2,4-dicUorophenyl)sulfonyl]butyl}-2-methoxyB^ 
25 c]pyridin-4-amdne; 

l-{4-[(2,4-dicMon)pheayl)sulfonyi]but^}-2-<jy^^ 

imidazo[4,S-c]pyridin-4-amine; 

l.{4-[(2,4-dicMon)phenyl)sulfinyl]biityi}-7-me&^ 

l-{4-[(2,4-di(Morophenyl)sulfinyl]butyl}-2J-^ 
30 amine; 

l-{4-[(2,4-dicmorophenyl)sulfinyl]bu^}-2-e% 

amine; 
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1- {4-[(2,4-dicUorophCTyl)sulfinyl]butyl}-7-me&^^ 
amine; 

2- butyl-l-{4-[(2AdicWoropheayl)sulfinyl]bu 
dJtnine; 

5 l-{4-[(2,4-dichloiDphenyl)siilfeyl]biityl}-2-ethox^ 
c]pyridm-4-aimne; 

l-{4-[(2,4-dicMorophettyl)sulj52iyl]butyl}-2-me&^ 
c]pyridin-4-aimne; 

l-{4-[(2,4-(ficWoropheayl)siilfinyl]biilyl}-^^ 
10 c]pyridin-4-ainme; 

l-{4-[(2>4^£luoiqpheQyl)fhio]biityl}-6-me^ 

1- {4-[(2,4-^fluorophenyl)tiiio]butyl}-2J-<H^ 

2- eiaiyl-l-{4-[(2,4-difluorophenyl)lMo]butyi}-7-methy^ 
anune; 

15 l-{4-[(2,4-difluomphenyl)tiuo]butyl}"7-methyl-2-pro^ 
amine; 

2-butyl-l-{4-[(2,4-difluorophenyl)tiuo]butyl}-7-metI^^ 
anune; 

2«^thoxyme1hyl-l- {4-[(2,4-4ifluorq)henyl)t^^ 
20 c]pyridin-4-anrine; 

1- {4-[(2,4-difluorqahenyl)tMo]biityl}-2-met^^ 
c]pyridin-4-aniine; 

2- ^yclopiopylmeHiyl-l-{4-[(2,4-difluorophenyl)thio]bu 
c]pyridin-4-amine; 

25 l-{4-[(2,4-ddflTioiopheayl)siilfonyl]bu^^ 

1- {4-[(2,4-difluorophenyl)siiIfon^]butyl}-2,7-^^ 
amine; 

2- ^yl-l-{4-[(2,4-difluorophenyl)sulfonyl]butyl}-^^ 
amine; 

30 l-{4-[(2,4KMuorophenyl)sulfonyl]butyl}-7-me%^ 
amine; 
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' 2-butyl-l-{4-[(2,4-difluorophenyl)su^^^ 
amine; 

2-ethoxymethyl-l-{4-[(2,4^uoropheayl)sulfonyllbutyl}-7-m^^ 

c]pyridin-4-amine; 
5 i.(4_[(2,4^uoropheQyl)sulfonyl]butyl}-2-metboxyettiy^^ 

c]pyridin-4-aimne; 

2-<qfcl(>piopyimethyl4-{4-[(2.4^uorophenyl)s^^ 

iniidazo[4^-c]pyridin-4-amme; 
l.{4.[(2.4<imuoiopheayl)sulfiiiyl]butyl}-7-me11iyl-^ 
10 l.{4.[(2,4^iioropheay08ulfinyl]buyl}-2J-dime 
2-eltyl-l-{4-[(2,4^iioropheayl)sulfinyl]b^^ 

amine; 

l.{4.[(2.4^u<«ophmyl)sulfinyl]butyl}-7-meth)1-2-^^ 
amine; 

15 24>iityl-l-{4.[(2,4-KKfhioropheayl)sulfi^ 
amine; 

2-ethoxymethyl-l-{4-[(2,4^uotophenyi)sulfinyl^^ 
c]pyridm-4-amine; 

l.{4-[(2,4-dmuorophenyl)sulfinyl]biJtyl}-2-methoxye&yl-7-m^ 

20 c]pyridia-4-aimne; 

2-cyclopropylmethyH-{4-[(2,4^imuorophenyl)sulfinyl]^^^^ 

c]pyridin-4-ainme; 

6,7-dimethyl-l-[5-(me11iyltbio)peatyl]4if-iimdazo[4,5-c]pyridm-^ 
2A7-trime11iyl4-[5Kmethylthio)peatyl]-lH-mudazo[4,5-c]pyd^ 
25 2'elhyl-^,7-^ethyl-l-[5KmethyltMo)pentyl]-lH-imidazo[^^^ 
6,7-dimelhyl-l-[5-0nethylMo)pentyll-2-propyl4H-iim 
24)iityi-6,7-dime£hyl-l-[5-(me%lthio)pentyl]-lF-iini^^^ 
2-eaioxymeaiyl-6,7^cdiyl4-[5-(inethyltiuo)p^^^^ 

amine; 

30 2-meflioxyefliyWJ-dimelhyl4-[5M:methyltMo)pentyl]-lH^ 
atnine; 
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2-cyclopropylmetiiyl-6,7-dimethyl-l-[5-(methyllMo)^ 
amine; 

6,7Kiimethyl-l-[5-(methylsulfonyl)pmtyl]-liJ^ 
2,6J-trimethyl-l-[5-(methylsidfonyl)pentyl]-lfi:-^ 
5 2-ethjd-^,7-^ethyl-145-(me%lsidfonyl)pe^ 
6J-Kiimethyl-l-[5-<methylsulfonyl)peaty^^^^^ 
2-butyW-^etiiyl-l-[5-(me1hylsul& 
2-ethoxymethyl-€,7-<Kmetiiyl4-[5-(methyl^^ 
amine; 

amine; 

2-cycldpropyImethyl-6J-dimelh3d-145-(melh 
' c]pyridin"4-amine; 

6jHiimethyl-l-[5-^(melhylsidfiQyl)pentyl]-^^ 
15 2^7-trime%l-l-[5-(methylsulfinyl)pentyl]4jff^ 

2-ethyl-6J-Kiimethyl-l-[5-(methyisulfiny 

6J-dimethyl-l-[5-(methylsulfimyl)pentyl]-2-prop 

2-butyI-6J-dimethyl-l-[5-(methjdsulfinyl)pOT^ 

2-^thoxyme1iiyl-6,7-dimethyl4-[5-(me%lsulfi^ 
20 amine; 

2-melhoxyetliyl-6,7-dimethyl-l-[5-(methylsulfinyl)^ 
amine; 

2H5yclopropy]meth3d-6,7-dimcthyi-l-[5-(^ 
c]pyridin-4-anune; 
25 6,7-dimel]iyl-l-[5-<iphenylthio)pentyl]-lfr 
2,6J-trimeth3d-l-[5-(phenylthio)pentyl]-Lfi^^ 
2-<tbyW-dimeth;^-l-[5-^henylthio)pcmtyl]-lH-im 
6,7^1im^yl-l-[5-(phea34lluo)peQtyl]-2-prop:^-lH-iiiiidazo[4,5-^^ 

30 2TethoxymethyWJ-^e%l-l-[5-<phenyltMo)peatyl]-l^-im 

amine; ' ' 
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2-methoxye&yi-^,7Hlime%l-l-[5-(pheaylthio)pentyl]-m-imi 
amine; 

2Hjycloiffopy]melhyl-^,7-dimethyl-l-[5-(pheayilMo)pentyl]-m-i^ 
amine; 

6,7HJime%I-l-[5-(phenylsulfonyl)pentyl]-lH-imidazo[4,5-c^^ 

2,6,7-trimethyl-l-[5-(phenylsulfonjd)pentyl]-l/f-imidazo[4,5-c]^ 

2-^3d-^,7HJimethyi-l-[5-(phenylsulfonyl)pentyl]-lH-ii^ 

6J-diineaiyM-[5-(idxmyl8ulfonyl)pentyl]-2-piopyl^ 

2-butyW-^eaiyl-l-[5-^hfiDylsulfonyl)pent^ 

amine; 

2-me(hoxyethyl-^J-diinelhyi-l-[5-6>henyisulf<my^ 
amine; 

2-^lopropyImeai^-^J-dirnfithyl-l-[5-<pheir^sul^^ 
c]pyridin-4-amine; 

6,7-<limetiiyl-l-[5-<phen)isulfinyl)pent)^]-lH-iimdazo[4,5-^^ 

2,6J-trime&yl-l-[5-(phenylsulfinyl)pentyl]-lff-imida2»[4,5-c]^ 

2-ethyl-6J-dimeth3d-l-[5-^henylsulfinyl)pentyl]4iy-imidazo[4,5-c]p 

6J-dimethyl-l-[5-(plienylsulfinyl)pentyl]-2-propyl-l^-inddazo[4,5-c]py^ 

2-butyW-<Jimethyl-l-[5-(phenylsulfinyl)pentyl]4/^inudazo[4,5-c]py^ 

2-elhoxymelhyW,7-^eliiyl-l-[5-<phaiylsulfinyl)pentyl]-lff-^ 

amine; 

2-melk)xyethylA7-^e<hyl-l-[5-<phenylsulfinyl)pentyl]-lH-im 

t 

amine; 

2-cyclopropytoelhyl-6,7-diniethyl4-[5-<phettyisulfi^ 
c]pyridin-4-an)inB; 

6,7-^elhyW-[5-(pyrimidin-2-yltirio)pentyl]-l^r-inndaM 

2,6,7-trimeaiyl-l-[5-(pyrinudin-2-yltliio)pentj4]-lH-imidaOT 

2-«&)d-^,7sJimetiiyl-145-(pyiiniidin-2-ylfldo)pentyl]-lH-^ 

6J-dimelhyH-[5-^yriinidin-2-ylMo)penlyl]-2-^ 

amine; 

2-butyl-^,7s3imethyl-l-[5-<pyrimidin-2-ylthio)petttyl]4Jy-m 
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2-e«hox3methyl-6J-dune%1445^pyriimdin-2-ylthio)p^^^ 
4.amme; 

2-metiK)xyethyl-«J-dimethyl-l-[5-(pymmdin-^^^ 
4-aaiiiie; 

5 2-cyclopropylme1iiyl-6,7-dimetiiyl4-[5-(pyriinidu^^^ 
cjpyiidm-4-ainm^ 

6J-dmetl^l4-[5-(pyriimdm-2-ylsiilfbnyl)pent^ 

2,6J-trimethyi4-[5^pyrimiditt-2-yi8ulfonyl)pe^ 

2^!fliyl-6J-dimefliyl-l-[5-(pyriimdm-2-ylsal^ 

10 amine; 

6,7-dimethyl4-[5-(pyriixddm-2-ylsulfoayl)peii^^ 

amine; 

2-butyW-<Jimethyl4-[5-(pyrinudin-2-ylsulfonyl)penty^^^ 
amine; 

15 2-^oxymethyl-6J-dime%l-l-[5-(j)yriniidin-2-yls^^ 
c]pyridin-4-ainine; 

2-methoxyethyW-<limeQiyl-l-[5^pyrinudin-2-yls^^ 
c]pyridinr4-amine; 

2<ycloprop^ethyW-dimethyl4-[5-^yrimidin-2-ylsulf^ 

20 c]pyddinr4-aminB; '■> 
6J-dinielhyl4-[5Kpyriinidin-2-ylsulfinyl)peiityl] 
2,6J^ethyl-l-[5-(pyrinudin-2-ylsulfinyl)pentyl]4H-in^ 
2-«thyK7-dime«hyl-H5Kpyrimidin-2-y!sulfm5d^^ 
amine; 

25 6,7-dimefliyl4-[5-(pyiMdin-2-3toilfinyI)peii^^ 
amine; 

2-butyl-6,7-diniethyl-l-[5-(pyrinridin-2-ylsijlfinyl)pe^ 
amine; 

2-ethoxymethyl-6,7-dimethyl-l-[5-(pyrinudin-2-yl^ 

30 c]pyridin-4-amine; 

2-methoxye%l-6J^Jimethyl445-(pyrimi(iin-2-ylsulfinyl)pentyy 

c]pyridin-4-axnine; 
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2-cyclopiopylmethyl-67-dime1hyl4-[5-(pyriimdin-2-y^^ 
c]pyridm-4-aimne; 

l-[5Kbutylfldo)peaityl]-6,7-dimethyl-l£r-iinidazo[4,5-<:]pyri 
l-[5-(butyllMo)pentyl]-2A7-trimethyl-lf^iim(iazo[4,5-c^^ 
5 l-[5.<butyltMo)pentyl]-2-ethyl-6,7-^e%l-lif-imida2»[4,5-^^^ 

1- [5-(butylttoo)peiityl]-^,7-dime%l-2-propyl-lfr-iiiudazo[^^^ 

2- biit^-l-[5-(bu1yl11jio)pOTtyl]-^,7-^efliyl-lif-imidazo[4,5^^^ 
l-[5<butylMo)pentyl]-2-^oxymelhyl-6J-^ethyl4F-imidaz»[4,5-c^ 
l-[5-(butyllMo)pemtyl>2-me&oxyethyl-6J-^Jimethyl-l/^i^ 

10 145^utylMo)pOTtyl]-2-<^lqpiopylmelii34-6jH^^ 
amine; 

l-[5-<biit3dsulfonyl)pentyl]-^J-<limelhyl-l^^ 
l-[5-(butylsulfonyl)peatyl]-2A7-trimefcyl4H-Mdazo[^^^ 

1- [5-(bTjt>1sulfcmyl)peatyl]-2-^yl-^,7-HJime^ 
15 l-[5^utjdsulfonyl)pentyl]-6J-^ethyl-2-pr^ 

2- butyl-l-[5-(butylsulfonyl)pentyq-6J-<limea 
l-[5-<butylsulfonyl)pentyl]-2-^xyme(hyW-dimethyl-l^^ 

ataine; 

l-[5-(butylsulfonyl)pentyl]-2-meflK)xyeth)4-^J-dime^^ 
20 anune; 

l-[5-(butylsulfbnyl)pentyl]-2-«yclop«jpylmetiiyWJ-K^ 
4-amme; 

l.[5<butylsulfinyl)peatyl]-6J^Jime%14if-miidazo[4,5-c]pyridm 
l-[5-(butylsulfinyl)pmtyl]-2A7-trimethyl-Uy-Mdazo[4,5-c^ 
25 l-[5-(bi]tylsulfinyl)pentyl]-2-e11iyW-dimetiiyl4iI-inu 

l-[5<butylsulfinyl)peiitylH,7Miime1iiyl-2-prop5d-lH-iimto 

24)utyi4-[5-(butylsulfiny0pentyl]-6,7Htoel3iyl-l/^ 

l-[5-(biilylsalfinyl)pajtyl]-2-e«hoxymeliiyl-6,7-^e&yl-l^^ 

amine; 

30 l-[5<butylsulfinyl)peatyl]-2-mefhoxyethyl-^,7-<lm 
amme; 
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l-[5-(butylsiilfinyl)pentyl]-2H5yclopropylme&^^ 
4-amine; 

l-{5-[(2,4HKcWoK)p1ieayl)thio]pentyi}-^^^ 
l-{5-[(2,4^iicUoropheayl)thio]penQd}-2,6J-trm 
5 amine; 

l-{5-[(2,4-dcUorophettyl)tbio]pentyi}-2-<thyl-^,7^^ 
amine; 

l-{5-[(2,4Kfichlorophenyl)ttuo]peatyi}-^J-dime&yl-2-pro^ 
4-anune; 

10 24)utyl-l-{5-[(2,4-dicMoTopheayl)tbio]pentyl}-6,7-4m 
amine; 

l-{5-[(2,4-dicUorophenyl)thio]pentyl}-2-e&oxymethyl-6,7-^^ 
c]pyridm-4-a33mie; 

l-{5-[(2,4-dicUorophenyl)thio]pentyl}-2-metiioxyethyl-6,7-^ime&^^ 
15 c]pyridin-4-aimne; 

l-{5-[(2,4-(UcMorophOTyl)thio]peatyl}-2-<?yclopn>pylm^ 
imidazo[4,5-c]pyridin-4-ainine; 
l-{5-[(2,4-dicUorophenyl)sTilfonyl]pentyl}-6,7-dimethy^ 
amine; 

20 l-{5-[(2,4-dicMorophenyl)sulfonyl]pentyl}-2,6,7-trimea 
amine; 

l-{5-[(2,4-dicMorophenyl)sulf<myl]penty^^ 
c]pyridin-4-amine; 

1- {H(2,4-dicUorophenyl)swlfonyl]pentyl}-^,7-Kfim 
25 c]pyridin-4-amine; 

2- butyl-l-{5-[(2,4-(KcUorophOTyl)sulfonyl]pCT 
£;]pyridin«4-amine; 

l-{5-[(2,4-dicMorophenyl)sulfonyl]pentyl}-2-elhoxymethyW 
imidazo[4,5-c]pyridin-4-anime; 
30 l-{5-[(2,4-dichIorophenyl)siafonyl]pentyl}-2-methoxyethyl^ 
iinidazo[4,5-c]pyridia-4-araine; 
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1 - {5-[(2,4-<UcMorophenyl)sulfonyl]peEtyl}-2-cyclopro^ 
iinidazo[4,5-c3pyridm"4-amiiie; 
l-{5-[(2,4-dicMorophenyl)sulfiayl]pentyl}-6J-dm 
amine; 

l-{54(2,4-dicMoioph€myl)sulfinyl]peat^^^ 
amine; 

l-{5-[(2,4-dicUoix>phenyl)sulfinyl]peatyl}-2<<h^^^ 
c]pyridm-4-aim]ie; 

1- {5-[(2,4-dicMoropheayl)sulfinyl]pentyl}-6J^fi^ 
c]pyridiii-4-amiiie; 

2- biityl-l-{5-[(2,4-dicUoropheayl)sulfinyifc 
c]pyridin*4-amine; 

l-{5-[(2,4-dicUoropheayl)sulfinyl]peaty^^ 
c]pyridm-4-amine; 

l-{5-[(2,4-dicMorophe!iyl)sulfinyl]pQatyl}-^^ 
c]pyridin-4-ainiiie; 

l-{5-[(2,4-dicMorophenyl)sulfinyl]peatyl}-2-cyclopropyl^ 

miidazo[4,5-c]pyridin-4-amine; 

l-{5-[(2,4-difluorophmyl)thio]pentyl}-6,7-dime%U 

1- {5-[(2,4-dmuoropheayl)thio]pentyl}-2,6J-b^ 
amine; 

2- ^thyl4-{5-[(2,4-difluoropheayl)thio]pettty^^ 
amine; 

1- {54(2,4-dmuoropheayl)thio]pentyl}-6,7-^ 
4-amine; 

2- butyl-l-{5-[(2,4-difluoTophenyl)lMo]peiityl}-6,7^^ 
amine; 

2-eflioxymethyl-l-{5-[(2,4HJifliioTDphenyOthio]pe^ 
c]pyridin-4-amine; 

l-{5-[(2,4-<Kfluoropheayl)tWo]pentyl}-2-methoxyeth3^^ 
c]pyridin-4-amine; 
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2-^yclopropylmethyl-l-{5-[(2,4-difluoropheayl)1^^ 
iinidaz»[4,5-c]pyridin-4-amine; 

1- {5-[(2A<fifluoroplieay^sulfonyl]peiity^ 
aoaine; 

5 l-{5-[(2,4-difluonq)henyI)sulfonyl]peHtyl^ 
amine; 

2- ethyl-l -{5-[(2,4-difluon>phenyl)sulf<m^ 
c]pyridiii-4-aiiime; 

1- {5-[(2,4-difluoi:ophen3d)siilfonyi]pe^ 
10 c]pyridin-4-ainine; 

2- butyH - {5-[(2,4^1ifluoropheQyl3siil£6nyl]pentyl} 
c]pyridin-4-anime; 

2-ethoxymethyl-l - {5-[(2,4-di£lTiotophenyl)siilfonyy^ 

imidazo[4,5-c]pyridin-4-aimne; 
15 1- {5-[(2,4-di£luorophemyl)sulfonyl3p^tyl}-2-methoxyet^^^ 

iinidazo[4,5-c]pyridin-4-amme; 

2-cyclopropylmethyl-l-{5-[(2,4-difluorqphenyl)sulfon^ 

imidazo[4,5-c]pyridiii-4-amine; 

l-{5-[(2,4-difluorophenyl)sulfimyl]pentyl}.^,7-^ 
20 amine; 

1- {5-[(2,4^iu)n>phfinyl)sulfinyl]pentyl}-2A7-t^ 
amine; 

2- etliyl-l-{5-[(2,4-difluorophenyi)sulfinyi]pe^ 
c]pyiidin-4-axnine; 

25 l-{5-[(2,4-difliu)n^henyl)sulfmyl]peiity^^ 
c]pyridin-4-an3ine; 

24)utyi-l-{5-[(2,4-diQuorophenyl)sulfinyi]p«ity^ 
c]pyridin-4-anaine; 

2-elhoxymethyl-l-{5-[(2,4-difluoiopheayl)siilfinyl]^ 
30 c]pyridin-4-aniine; 

l-{4-[(2,4-difluorophenyl)sulfinyi]pentyl}-2-meaioxyethyl^^^ 
c]pyridin-4-amine; 
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2-cyclopropylmethyl-l- {5-[(2,4-difluoK)phenyl^ 
imidazo[4,5-c]pyridin-4-aiiiiae; 
7-metiiyl-l-[4-(methyltMo)pentyl]-lH-iim(^ 
2,7-dimethyl-l"[5-(methylthio)pentyl]-ljff-iim 

5 2-ethyl-7-methyl-l-[5-(methyllMo)pentyl]-lif-i^ 
6,7-dimethyl- 1 -[5-(metihyltiuo)pentyl]-2-propyl- 
2-bu1yl-7-methyl-l-[5-<methylthio)pentyl]-li^ 
2-ethoxymethyl-7-methyl-l-[5-(metiiylMo)pratyl]-l^-im 
2-methoxyethyl-7-mediyl-l-[5-(methyltMo)pe^^ 

10 2H5yclopiopylmethyl-7-melliyl-l-[5-(methyl^ 
amine; 

7-methyl-l-[5-(meth^sulfon3d)pCT*yl]-^^^ 
2,7-dimetbyl-l-[S-(m6thylsulfonyl)^^ 
2-^thyl-7-methyi-l-[5'<mefli3d^ 
15 7-me<hyl-l-[5-(methykulfonyl^^ 

2-birtyl-7-methyl-l-[5-(melhylsiiIfonyl)peatyy^ 

2-^thoxymetb)d-7-methyl-l-[5-(methylsitf^ 

amine; 

2-methoxye1iiyl-7-me1iiyl-l-[5-(mel3iylsulfonyl)pen1yl]- 
20 amine; 

2-cyclopropylmethyl-7-methyl-l-[5-(me1hylsulfonyl)pent^^^ 
amine; 

7-methyl-l-[5-(methylsulfbiyl)pentyl]-lir-i^ 
2,7-<iimethyl-l-[5"(methylsulfinyl)pCTtyi]-l^^ 
25 2-ethyl-7-methyl-l-[5-{methylsulfinyl)pentyl]-lif-^ 

7-methyl-l-[5-(methylsulfbyl)pentyI]-2-propyl-lH-imidazo^^^ 

24)u1yl-7-meiiiyl-l-[5-(metliylsulfinyl)p0ntyl]-lH^ 

2-ethoxymethyl-7-methyl-l-[5<methylsul^ 

amine; 

30 2-methoxyefhyl-7Haietiiyl-l-[5-<methyisul£^ 
amine; 
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2-cyclopropylme1hyl-7-metiiyl-l-[5-(meiJiylspti^ 
amine; 

7-methyl-l-[5-Q5henyltMo)pentyl]-lif-iinidazo[4,5-c]^ 
2,7-<limethyl-l-[4-(phenylthio)pentyl]-l^^ 
5 2-^th3d-7-methyl-l-[S-^henylMo)p6ntyl]-li7-im 
7-m6fhyl-l-[S-<phenylfUo)pentyl]-2-pn>p}d-lj^^ 
2-biityl-7-methyl-l-[5-(phenylfhio)pen 
2-^oxymethyl-7-methyl-l-[5-^henyllhio)pCT^^ 
2-meth0xyetfayl-7»m6tliyl-l-[5-^he^^^ 
10 2-cycIopropyImethyl-7-mea^-l-[5-(phea^thio)pOTtyl]-l^^ 
amine; 

7-m€th;^-l-[5'<phfinylsulfon;^)pentyl]-l^r-i^ 
2J-dimefliyl-l-[5-(phenylsulfoayl)peaty^^ 
2'^yI-7-methyl-l-[5-(phenylsulfonyl)pentyl]-li7^ 
15 7-methyl-l-[5-<phenylsulfonyl)peatyl]-2-propyl-lF-imi^ 
2-butyl-7-methyl-I-[5-(phenylsulfonyl)pentyl]-lfl^imi(iaz^ 
2-ethoxymethyl-7-methyl-l-[5-(phettylsulfonyl)peatyy 
amine; 

2-metiioxyethyl-7-niethyl-l-[5-(phenylsulfonyl)p^ - 
20 amine; 

2-cyclopropy]mefhyI-7-nie11iyl-l-[5-(phenylsuM^ 
amine; 

7-mefh3d-l-[5-(phenylsulfinyl)pen1yl]-lJT-im 
2J-dimethyl-l-[5-0?ten3dsulfinyl)pentyl]- 
25 2-^yl-7-methyl-l-[5-(phenylsuljBnyl)pentyl]-lF^ 
7-me11i^-l-[5-(phexiylsulj5nyl)pentyI]-2-piop 
24>utyl-7-mefliyl-l-[5-(pheaylsulfittiyl)peaQd]-l^ 
2-«1IioxymethyI-7-niethyl-l-[5'<phenylsulfinyQpenfy^ 
amine; 

30 2-methoxyethyl-7-niethyl-l-[5-(phenylsulfinyl)pentyl]-l^^ 
amine; 
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2H:yclopropylmethyl-7-me%l-l-[5-(pheaylsulfinyl)pen^^^ 
amine; 

7-methyl-l-[5-(pyriimdin-2-yltWo)pentyl]-^^ 
2,7-dimethyl-l-[5-(pyriiiudin-2-ylthio)pen^^^ 
5 2-^thyl-7-methyl-l-[5-(jpyriinidin-2-ylM^ 

7-methyl-l-[5-(pyriinidin-2-yltWo)pentyl]-2-pro 
2-biilyl-7-methyl-l-[5-(pyrinudi^^ 
2-«thoxymethyl-7-methyl-l-[5^pytiimd^^ 
amine; 

10 2-m^oxyethyl-7-methyl-l-[5-^yriDaidin-^^ 
amine; 

2H3yclopiDpyImethyl-7-methyl-l-[5-(pyrimidin 
c]pyridin-4-amine; 

7-mefhyl-l-[5-(pyrimidin-2-ylsulfonyi)peiity 
15 2,7-dimelhyl-l"[5-(pyrinddin-2-ylsul& 
2-^yI-7-metliyl-l-[5-^yrimidin-2-ylsuI& 
7-methyl"l-[5-(pyrunidin-2-ylsulfonyl)pent^^^ 
amiae; 

2-bu1yl-7-methyl-l-[5-(pyriimdin-2-yisi^^ 
20 2-ethoxytnethyl-7-methyl-l-[5-(pyrimic^^ 
4-aniine; 

2-methoxyetliyl-7-methyl-l-[5-(pyriimdin-2-yls^^ 
4-aniine; 

2-cyclopropyImethyl-7-methyl-l-[5-(pyriimdin-2-yl^^ 
25 c]pyridin-4-amiiie; 

7-meliiyl-l-[5-^yrimidin-2-ylsulfiny^eotyl]-l^^ 

2,7Hiimeaiyi-l-[5-<pyrimidin-2-yls^^ 

2-eayl-7-methyl-l-[5-^yrinudin-2-5lsu^ 

7-me%M-[5-<pyiimidin-2-ylsulfiaiyl)^ 
30 amine; 

2-butyl-7-melhyl-l-[5-{pyrimidin-2-ylsul^ 
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2-ethoxymethyl-7-metiiyW-[5-(pyrimidm-^^^ 
4-ainiD6; 

2-methoxyethyi-7-mefcyl4-[5-(pyrmudm-2-ylsu^ 
4-amine; 

2KjyclopropylmelJiyl-7-meth)44-[5-(pyriimdi^^^ 
c]pyridia-4-aniine; 

l-[5-(bTityltWo)peotyl]-7-mefliyl-lH-Mdazo[4^-c]pyrid^ 

l-[5-(butylthio)pentyl]-2J-djme«hyl-l/f-imidazo[4^^^^ 

l-[5-(butylthio)peQtyl]-2-eai5d-7-me&yl-lH-iimdazo[4^<:]pyri 

1- [5Kbvilylthio)pentyl]-7-methyl-2-piopyl4fr-nmdazo[4,5^^^ 

2- butyl-l-[5-(butyltoo)pentyl]-7-metb.yl4H-Mdazo[4^-c]pyridm^ 
l-[5-(butyltWo)pentyl]-2-^tiioxymethyl-7-methyMH-iimdazo[4,5^^ 
l-[5-<butyllMo)pentyl]-2-meliioxye%l-7-me%l-lF-iimdazo[4,5-cJ^^ 
l-[5-(butylthio)pentyl]-2-cyclopiopylmethyl-7-mediyl4F-inudazo[4,5-c]^^ 
l-[5<butylsulfonyl)pentyl]-7-methyl4ff-imidazo[4,5-c]pyridm-4-an^ 
l-[5<butylsulfonyl)pentyl]-2jHiimethyi4F-iimdazo[4,5-c]pyridm 
l-[5-(butylsulfonyi)pentyl]-2-ethyl-7-me%l-lH-mudazo[4,5-c]pyridm 

1- [5-(butylsulfonyl)pentyl]-7-me1iiyl-2-propyl-lH-iimdazo[4,5-c]p 

2- bulyl4-[5<butylsulfonyl)pentyl]-7-methyl-l>ff-iimdazo[4^ 
l-[5-(butylsulfonyl)pentyl]-2-eaioxymeth3^-7-methyl-lF-i^ 
l-[5-(butylsulfonyl)pentyl]-2-meflioxyefliyl-7-me^^ 
l-[5-(butyl8ulfonyl)pentyl]-2K5yclq3ropy1me^^^ 

amine; 

l-[5-(but^sulfinyl)bpenyl]-7-meaiyi-lH-imidazo[4,5-c]pyridin^ 

l.[5-(butylsulfinyl)pentyl]-2,7-dime&yl4ff-imidazo[4^-c]^^ 

l-[5-(butylsulfinyl)pentyl]-2-ethyl-7-me(hyl-lfr-imidazo[4,5-c]p^^ 

1- [5-(butylsulfinyl)pentyl]-7-methyl-2^propyl4fr-imidazo[4^-c]pyrid^ 

2- butyl4-[5-(butylsul£myl)pentyl]-7-meaiyl-lH-imidazo[4,5-«]^ 
l-[5-(butylsulfinyi)pentyl]-2-ethoxymethyl-7-methyl-lH-imidazo[4,5^^ 
l-[5-(butylsulfin34)pentyl3-2-methoxyethyW-dime%l-lH-imidazo[4,5-^^ 

amine; 
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l-[5-<butylsulfinyl)pentyl]"2-cycloprop)dme&^^ 
4-aniine; 

l-{5-[(2,4-dichlorophenyl)lMo]pentyl}-7-mefhyt 
l-{5-[(2,4-<iicUorophenyl)tMo3pe^tyl}-2J•^ethy^ 
5 l-{5.[(2,4-dicMoropheayl)Mo]pea1yl}-2-e1hyW^ 
amine; 

1- {54(2,4-dicMoropheayl)tMo]pen^}-7-met^^^ 
amine; 

2- bu1yl-l-{5-[(2,4-dicMoiophen5d)thio3pent^ 
10 amine; 

l-{5-[(2,4-didilorq)heQyl)1iiio]pentyl}-^^ 
c]pyndin-4-amine; 

l-{5-[(2,4-dicWorophenyl)tI:do]pent^}-2-me1h^ 
c]pyridinr4-aimne; 
15 1- {5-[(2,4-dicUorophenyl)thio]pen1yl}-2-cycloprppyto 
c]pyridin-4-amine; 

l-{54(2,4-dicMoiophenyl)sulfonyI]pentyl}-7-me&^^ 

l-{5-[(2,4-dicMoropheayl)sulfon)d]peatyl}-2J-^ 

amine; 

20 l-{5-[(2,4-dicMorophenyl)sulfonyl]pentyl}-2-et^^^ 
amine; 

1- {5-[(2,4-dicMoiophenyl)sulfonyl]pentyl}-7-methyl-^^^ 
4-anmie; 

2- butyl4-{5-[(2,4-dicMorophenyl)sulfonyl]pentyl}-7-me%^ 
25 amine; 

l-{5-[(2,4-dicWotoph©tiyl)sulfon5d]pentyl}-2^^ 
c]pyridin-4-amine; 

l-{5-[(2,4-dicUotopheayI)sulfonyl]pentyl}-2-metho3^ 
c]pyridin-4-amine; 
30 l-{5-[(2,4-^dilorophenyl)sulfon^d]pTOtyl}-2-<^^ 
imidazo[4,5-c]pyridin-4-amine; 

l-{5-[(2,4-dicWorophenyl)sulfinyl]pentyl}-7-me%l-lfr-M 

125 



wo 03/103584 



PCTAJS03/17659 



1- {5-[(2,4-dicMorophenyl)s«lfinyl]pentyl}-2,7-^ 
amine; 

, l-{5-[(2,4-dicMorophenyl)sulfinyl]pen1yl}-2-ethyl-^^ 
amine; 

5 l-{5-[(2,4-dicMoiophenyl)sulfinyl]pentj4^ 
4-amine; 

2- butyl-l-{5-[(2,4-dicWoropheayl)sulfinyy^ 
amine; 

l-{5-[(2,4-dicMoiophenyl)sulfin34]pm1yO 
10 c]pyridin-4-amine; 

l"{5-[(2,4^1icWowphenyl)sulfinyl]pent^^^ 
c]pyridin-4-amine; 

1- {5-[(2>dicWorophenyl)sulfinyl]pentyl}-2-cycloprop 
imida2o[4,5-c]pyridin-4-ainine; 

15 l-{5-[(2,4-difluorophenyl)thio]pentyl}-6-methyl-lif^ 
l.{5-[(2,4-difIuoropheayl)thio]pentyl}-2J-dimeth^^^ 

2- ethyl-l-{54(2,4-<iifluorophenyl)thio]penty^^ 
amine; 

1- {5-[(2,4HJifluoKq)henyl)lMo]penlyl}-7^ 

20 amine; 

2- biifyl-l-{5-[(2,4-difliuMX)phenjd)Mo]pen^^ 

amine; 

2-^1hoxymethyl-l-{5-[(2AdiflTK)iophenyl)thio]pe^^ 
c3pyridin-4-amine; 
25 l-{5-[(2,4-difluonq>henyl)lMo]p€nt3d}-2-metto 
c]pyiidin-4-amine; 

2-cyclopropylmetiiyl-l-{5-[(2,4HMiM)ropheayl)thi^ 
c]pyridin-4-amine; 

l-{5-[(2^difluorophenyl)sulfonyl]peatyl}«7-methyl^ 
30 l-{5-[(2,4-^uorophenyl)sulfonyl]pentyl}-2J-K^ 
amine; 
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2-ethyl-l-{5-[(2,4-difliiorophenyl)sulfonyl]peatyl}-7-^^ 
amine; 

1- {54(2,4-difluorophenyl)sulfonyl]pentyl}-7-met^^^ 
4-aimne; 

5 2"butyl-l-{5-[(2,4-difliioropheayl)sulfonyl]p^ 
amine; 

2- elhoxymethyl-l-{5-[(2,4-diflTOrophea^^ 
c]pyddin-4-aiiiiiiiB; 

1- {54(2,4-difluorophenyl)sulfonyl]p€mt3^^ 
10 c]pyridin-4-aniine; 

2- ^yclopiopylmeQiyl4-{5-[(2,4-dmuoiophm^^ 
ind<iazo[4,5-c]pyridin-4-ainine; 
l-{5-[(2,4HJifliiorpphmyl)sulfinyl]penty^^ 

1- {5-[(2,4-difliM)rophenyl)sdfmyl]pentyy 
IS aonne; 

2- ethyl-l-{5-[(2,4-difluorophenyl)suIfinyl]pentyl}-7-m^ 
amine; 

1- {5-[(2,4HMuoiopheayl)sulfinyl]pentyl}-7-methyl-2-pro^ 
4-amine; 

20 2-butyl-l-{5-[(2,4-difliiorophenyl)sulfmyl]pm^ 
amine; 

2- ethoxymetiiyl-l-{5-[(2,4-difluoix>phenyl)sulfinyl]^ 
c]pyridin-4-amine; 

1- {5-[(2,4HMuomphenyl)sulfinyl]pentyl}-2-methoxy^ 
25 c]pyridin-4-amine; 

2- ^clopropyimefliyl-l-{5-[(2,4-difluoropheayI)sd 
i]nidazo[4,S-^]pyridin-4-an[iine; 
6-me(hyl-2-propyl-l-[2-(3-pyrimidin-2-ylpr^ 
amine; 

30 JV^{2-[2-<4-amino-7-mtro-2im>pyl-liy^ 
yl)ethoxy]etfayl}methanesulfonanude; 
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JV^{2-[2-(4-amino-7-iutro-2-propyl-lH-im 
chlorobenzamide; 

JV'-{2-[2-<4-ainino-7-mtK)-2-pK)pyl-lH-i^ 
cyclohexyhirea; 
5 7/-{242-(4-ammo-7-hex-l-yayl-2-piopyl-li^^ 
chlorobenzatnide; 

i\r-{2-[2-<4-amino-7-hex-l-ynyl-2-pipp^-l^^ 
iV-cyclohexyturea; 

JV'"{2-[2-(4-ainmo-7rhe3c/l-2-propyl-l/^^ 
10 chloroboozamide; 

JV^{2-[2-(4-ammo-7-hexyl-2-propyl-ljff-im 
cyclohexylurea; 

JV'-{2-[2r(4,7-dianuno-2-propyl-lJ?-mudazo[^^ 
yl)etiioxy]ethyl}methanesulfonainide; 
15 Ar.{2-[2-(4J-diairdno-2-propyl-lff-inuda20[^^ 
chlorobenzamide; 

j/V^ {2-[2-(4,7-^anuno-2-propyl-l&i^ 
cyclohejcylurea; 

i\r-{2-[2-(4-amino-7-methylainmo-2-pn>pyl-lIf-i^ 
20 yl)ethoxy]ethyI}metiia]i6Sulfoiiamide; 
J\r-{2-[2-(4-amino-7-me1hylammo-2-pr^ 
4-chlo(robeazaimde; 

/^{2-[2-(4-amino-7-meaiylai3uno-2-pro^ 
^-cyclohexylurea; 
25 JV^-{2-I2-(4-amino-7-ethylamino-2-propyl-l/^^ 
yl)eihoxy]ethyl}methaQesulfoiiazmde; 
J\^- {2-[2-(4-aniinO'7-e<hylaiiiino-2-prop}d-^^ 
chlorobenzamide; 

J\r-{2-[2-(4-amino-7-e1hylamino-2-propyl-ltf-iniidazo[4,5-c^^ 
30 JV-cyclohexylurea; 

iV'-{2-[2-(4-amino-7-dimethylamino-2-propyl-17f-inddazo[4,5-c]p 
yl)ethoxy]ethyl}methanesulfonamide; 
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i\r-{2-[2-(4-arnino-7-dimethylainino-2-propyl-lif^ 

yl)e<iioxy]ethyl}-4-chlorobenzamide; 

iV-{2-[2-(4-aimn€>-7-dimefhylaiiim 

yl)ethoxy]ethyl}-JV-cycloIiexyliirea; 
5 iV-{2-[2-<4-ainino-7-diethylam^ 

yl)eaioxy]etfaLyl}meilia2iesulfon^ 

//-{2-[2-<4-aimno-7-diethylaaun 

4-chlQrobeDzaniide; 

iV'-{242'<4-aimn<>-7'^ethylainmo-^^^ 
10 /^-cycIohex:ylllre£^ 

6J-dime1hyl-2-efhoxyme%l-l-(2-{2-[(pyridi^^ 

iinidazo[4,5-<;]pyridixH4-ainiae; 

4-{[3-(4-ammo-6J-dimefliyl-2-pn)pyl-lf^^ 

butylbenzamide; 
15 4-{[3-<4-anuno-6jHJimethyl-2-propyl-12y-im 

butyl-iV-methylbenzamide; 

JV^{2-[2-(4-ainko-2-elhyl-6,7-dm 

benzoylurea; 

1- [2<2-aiiiinoetiioxy)ethyl]-6-K5Moro-7-methyl^^^ 
20 axmne; 

A^-{2-[2-(4-aimno-6-<jhloro-7-methyl-2-propyl-l^^ 
yl)ethoxy]ethyI}ben2amide; 
^^{2-[2<4-ammo.2-^%l-6J-^ethyl-lH^ 
beazenesiilfonytiirea; 
25 l-{2-[2-<4-ammo-2-ethyl-6,7-dimethyt 
}i)elboxy]ethyl}pyrroIidin-2-one; 

2- eJhoxymethyWJ-dimethyl-l-[2-<3-ph0ay^^ 
c]pyridin-4-amine; 

2-eihoxymefhyl-6,7-^imethyl-l-[2-(3-phOT^ 
30 amiae; 

2-efhoxymefhyl-^,7-dime%l-l-{2-[(4-pheaylbut-3-y^^ 
c]pyridm-4-amiiie; 
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2.ethoxymethyW,7-dimelhyl-l-{2-[(4-pheny^ 
c]pyridm-4-amine; 

2-eth03cymethyl-^,7-dimethyl-l-[2K4-phe^ 
c]pyridm-4-ainine; and 

2-^lhoxymethyl-^J-^ethyl-l-[2-(4-phenylbutox^^ 
amine; 

or phatmaceutically a€cq)table salts fhesceot 

Phannaceatical Compositions and Biological Activity 

Pharmaceutical compositions of the invention contain a ther^eutically effective 
amount of a compomid of the invention as described above in combination with a 
phaimaceutically acceptable carrier. 

The term "a therapeutically effective amount" means an amount of the compound 
sufficient to induce a therapeutic effect, such as cytokine induction, antitumor activity, 
and/or antiviral activity. Although the exact amount of active compound used in a 
pharmaceutical composition of the invention will vary according to factors known to those 
of skill in the art, such as the physical and chemical nature of the compound, the nature of 
the carrier, and the intended dosing regimeo, it is anticq)ated that the compositions of the 
invention will contain sufiBcient active ingredient to provide a dose of about 100 ng/kg to 
about 50 mgflcg, preferably about 10 jig/lcg to about 5 mg/kg, of the compound to the 
subject Any of tiie conventional dosage forms may be used, such as tablets, lozengqs, 
parenteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 
patches, transmucosal patches and the like. 

The conqiounds of the invention can be administered as the single then^ieutic 
agent in the treatment regimen, or the confounds of tiie invention may be administered in 
combination witii one another or witii other active agents, including additional immune 
response modifiers, antivirals, antibiotics, etc. 

The confounds of the invention have been shown to induce the production of 
certain cytokines in experiments performed according to the tests set forth below. These 
results indicate that the compounds are useful as immune response modifiers that can 
modulate the immune response in a number of different ways, rendering them useful in the 
treatment of a variety of disorders. 
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Cytokines whose production may be induced by the administration of compounds 
according to the invention generally include interferon-a (IFN-a) and/or tumor necrosis 
fector-a (TNF-a) as well as certain interleuldns (E.), including IL-1, IL-6, IL-10 and 
12, and a variety of other cytokines. Among other effects, these and oflier cytokines can 
5 inhibit vims production and tumor cell growth, makmg the conq)ounds useful in the 
ireatment of viral diseases and tumors. Accordingly, the invention provides a method of 
mducing cytokine biosynthesis in an animal comprising administering an effective amount 
of a compound or composition of the invention to the animaL 

Certam comporaids of the invention have been found to preferentially mduce the 
10 expression of IFN-a in a population of hematopoietic cells such as PBMCs (peripheral 
blood mononuclear cells) containing pDC2 cells Oprecuisor dendritic cell-type 2) without 
concomitant production of significant levels of inflammatory cytokines. 

Li addition to the ability to induce the production of cytokines, the compounds of 
the invention affect other aspects of the iimate immune response. For example, natural 
15 killer cell activity may be stimulated, an effect that may be due to cytokine induction- The 
compounds may also activate macrophages, which in turn stimulates secretion of nitric 
oxide and tiie production of additional cytokines. 

Compounds of the invention also have an effect on tiie acquired immune response. 
For example, the compounds may cause proliferation and differentiation of B 
20 lymphocytes. In addition, the compounds induce responses fi:om T lymphocytes, as 
discussed below. 

Although there is not believed to be any direct effect on T cells or direct induction 
of T cell cytokines, tiie production of flie T helper type 1 (Thl) cytokme IFN-^ is induced 
indirecfly and the production of flie T helper type 2 (Th2) cytokines IL-4, IL-5 and IL-13 

25 are inhibited upon administration of the confounds. This activity means that tiie 

con5)Ounds are useful in the treatment of diseases where upregulation of tiie Thl response 
and/or downregulation of the Th2 response is desired. In view of the ability of con5)ounds 
of the invention to mhibit the Th2 immune response, tiie compounds are ^ected to be 
useful in the treatment of atopic diseases, e.g., atopic dermatitis, astimia, allergy, aller&c 

30 rhinitis; systemic liq)us aytii^natosis; as a vaccuie adjuvant for cell mediated immunity, 
and possibly as a treatment for recurrent fimgal diseases and chlamydia. " 
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The inimime response modifying effects of the compoimds make ihsm use tiVl \n 
the treatment of a wide variety of conditions. Because of their ability to induce the 
production of cytokines such as IFN-a and/or TMF-o, the compoundis are particularly 
use&l m the treatment of viral diseases and tumors. This immunomoduladng acAvity 

5 suggests that con^unds of the invention are useful in treating diseases such as, but aov 
limited to, viral diseases including genital waits; common warts; plantar warts; Heprairi;. 
B; Hepatitis C; Herpes Simples Virus Type I and Type 1^ molluscum contagiosuin; 
vaniola major, HIV; CMV ; VZV; diinovirus; adenovirus; influenza; and para-influeaf^ i; 
mtraq)ithelial neoplasias such as cervical intraepitiielial neoplasia; human papiUoniadm 

10 (BPV) and associated neoplasias; fungal diseases, e.g. Candida, aspergillus, and 
cryptococcal menin^tis; neoplastic diseases, e.g., basal cell carcinoma, haky cell 
leukemia, Kaposi's sarcoma, renal cell carcinoma, squamous cell carcinoma, myelogain t.o 
leukraoia, multiple myeloina, melanoma, non-Hodgkiu's lymphoma, cutaneous T-C'ri 1 
lymphoma, and other cancers; parasitic diseases, e.g. Pneumocystis camii, 

15 cryptosporidiosis, histoplasmosis, toxoplasmosis, trypanosome infection, and 

leishmaniasis; and bacterial infections, e.g., tuberculosis, andmycobacterium aviir r . 
Additional diseases or conditions that can be treated using the compounds of the mv:;\ ii^ - . 
include actinic keratosis; eczema; eosinophilic essential thrombocythaemia; lepro^'tv ; 
multiple sclerosis; Onamen's syndrome; discoid lupus; Bowen's disease; Bowenoi^ j 

20 papulosis; alopecia areata; the inhibition of Keloid formation after surgery and oth^^ t. > r; 
of post-surgical scars. In addition, these compounds could enhance or stimulate tbe 
healing of wounds, including chronic wounds. The compounds maybe usefiil for tierifa^. 
die qpportunistic infections and tumors that occur after suppression of cell mediated 
immunity in, for example, transplant patients, cancer patients and HIV patients. 

25 An amount of a compound effective to induce cytokine biosynthesis is an dinc via' 

sufficient to cause one or more ceU types, such as monocytes, macrophages, dendritic c> 11 : 
and 

B cells to produce an amount of one or more cytokines such as, for example, IFN-a, TbfP 
a, IL-1, IL-6, IL-10 and IL-12 that is increased over the background level of such 
30 cytokines. The precise amount will vary according to factors known in the art bat m 
expected to be a dose of about 1 00 ng/kg to about 50 mg/kg, preferably about 1 0 uyv !; 4 
about 5 mg/kg. The invention also provides a method of treating a viral infection i t ua 
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animal and a method of treating a neoplastic disease in an animal comprising 
administering an effective amoimt of a compound or composition of the invention to the 
animaL An amount effective to treat or inhibit a viral infection is an amount that will 
cause a reduction in one or more of the manifestations of viral infection, such as viral 

5 lesions, viral load, rate of virus production, and mortahty as compared to untreated control 
animals. The precise amount will vary according to factors known in the art but is 
e^qpected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ^ig/kg to 
about 5 mg/kg. An amount of a compound effective to treat a neoplastic condition is an 
amount that wiU cause a reduction in tumor size or in the number of tumor foci. Again, 

10 the precise amount will vary according to fitctors known in the art but is expected to be a 
dose of about 100 ng/kg to about 50 mg^ preferably about 10 |xg/kg to about S mg/kg. 

The invention is further described by the following examples, wtdch are provided 
for illustration only and are not intended to be limiting in any way. 

IS . Bxamplel 

6,7-Dimethyi-l-<2-phenoxyeth3d)-lif-imida2o[4,5-<?]pyri 

ISIH2 




Part A 

20 2,4^chloro-S,6-dimethyl-3-nitcopyddine 

Phosphorous oxychloride (lOS ml) and 2,4-dihydroxy*-5,6-dmiethyl-3-nitropyridine 
(10.53 g) were combined and heated to reflux for 2 hours. The reaction mixture was 
cooled and tiie phosphorous oxychloride was removed under reduced pressure. The 
resulting black solid was dissolved in eth^ acetate (300 ml) and washed with a saturated 

25 aqueous solution of sodium bicarbonate. The basic aqueous layer was washed 2 times 
with ethyl acetate. The combined organic layers were dried wifli magnesium sulfate and 
concentrated under reduced pressure. The resulting brown solid was run through a colunm 
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using 60/40 ethyl acetate/hexane as the eluant The product was found to be pure by K^vf?^ 

analysis. 

Parts 

2-KJhloro-5,6-<limethyl-3-mtro-N-<2-phenoxyB^^ . 

5 2AIHcUoro-596-dunethyl-3-nitropyridme (1.00 g), anhydrous N^- 

dimeth^oimamide (5 ml), trietfaylamme (0.63 ml), and 2-pheaoxyefh)4amine (0.59 m n) 
were combined and the resulting mixture was heated to SS for 24 hours. Thin la:y^r 
chromatography (TLC) monitoring of the reaction indicated fliat it was complete. Th<i 
solveot was removed under reduced pressure and tiie remaining oil was dissolved in 

10 dichloromethane (DCM) and washed once with water. Following 2 additional extraciioni': 
with DCM, the organic layers were combined, dried with magnesiuhi sul&te, and fhi^ 
solvent was removed under reduced pressure. The product was passed throu^ a cdtmmi 
using 20/80 ethyl acetate/hexane as the eluant NMR anal)^ of the resulting yellcv^- aorA 
indicated sufficient purity for use in the next step. 

15 Parte 

2,3-dimethyl-5-nitro-6-phenoxy-N-(2-phenoxyethyl)pyridin-4-amine ' i 

2-Methoxyethyl ether (diglyme) (3 ml) and sodium hydride (60% in oil) (0.3 
.were combmed and cooled to 0 **C. Phenol (1.24 g) was added slowly in portions k> a^fc ^ 
for controlled release of hydrogen gas. A solution of 2K5Moro-5,6-<fime|iyl-3-nitro- . . 

20 phenoxyethyl)pyridin-4-amine (4.00 g) and diglyme (37 ml) was then added and the 
reaction mixture was heated to 150 for 16 hours. At this time, the reaction stalled 
85% completion. The reaction mixture was allowed to cool and the soi\rent was r eivM> / to 
midet reduced pressure. The oil was dissolved in ethyl acetate, washed with water, M^^* 
with magnesium sul&te, and concentrated under reduced pressure. The product was r. m i 

25 through a column using 20/80 ethyl acetate^raane as the ehiant. HPLC analysis of siic 
resulting orange solid indicated suf&ci^t purity for use in the next step. 
PartD J 
5,6-Hiimethyl-2-phenoxy-N^-(2-phenoxyethyl)pyridine-3,4-diai^ 

Anhydrous toluene (100 ml), 5% platinum on carbon (Pt^C) (1.5 g), and 233- 

30 dunethyl-5-nitro-6-phenoxy-N-(2-phenoxyethyl)pyridin^aDn^ (2.97 g) from Part C- 
were placed in a Pair hydrogenation flask at a hydrogen pressure of 345 kPa for 4 hoiiri 
with shaking. Additional 5% Pt/C (1.5 g) was added and the reaction was allov/ed tc 
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continue for 3 hoiirs. The reaction mixture was filtered through a fluted filter paper and 
then through a folded No. 2 Whatman filter. The solvent was removed &om the filtrate 
under reduced pressure and the resulting oil was used in the next step. 
PartE 

5 6,7-<iimethyl-4-phenoxy-l-(2-phenoxyethyl)-lif-inudM 

5,6-Dimethyl-2-ph€aoxy-N^-(2-phenoxyethyl)pyridine-3,4-^ (2.41 g), 
triethyl orthoacetate (1«60 wS), toluene (20 ml), and a catalytic amount of pyridine HCl 
were combined and heated to reflux for 2 hours. HPLC and MS analysis indicated fhat the 
reaction was complete. The reaction mixture was allowed to cool and the resulting solid 

10 was filtered and dried. NMEl analysis ofthe dried solid indicated a pure product 
PartF 

6J-dimefhyl-l'<2-phenoxyethyl)-li7-imldazo[^^^ 

A sealed tube containing anmionium acetate (12.7 g) and 6,7-drmethyl-4-phenoxy- 
H2-phenoxyethyl)-12y-imidazo[4,5-c]pyridine (1.27 g) fix>m Part E was heated to 150 °C 

15 for 36 hours. HPIXJ and TIXJ analysis indicated that the reaction was complete. The 
reaction was allowed to cool to room temperature. The resulting reaction mixture was 
then dissolved in dichloromethane (DCM) and washed with 20% aqueoxis sodium 
hydroxide. The basic layer W2^ washed with DCM and the combined organic layers were 
dried with magnesium sul&te and concentrated under reduced pressure. The resulting oil 

20 was passed throng a silica gel colunm using 95/5 dichloromethane/methanol as the 
eluant. The product was recrystallized &om isopropyl alcohol, and the resulting white 
solid was dried under vacuum to provide 6,7-dimethyH-(2-phenoxyetiiyl)-ljff- 
imidazo[4,5-c]pyridin-4-amine, mup. 197.0 - 199.0 **C. 
Analysis: Calculated for C16H18N4O: %C, 68.06; %H, 6.43; %N» 19.84 

25 Found: %C, 67.85; %H, 6.33; %N, 19.74. 
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Example 2 

2,6,7-Trimethyl-l-(2-phenoxyefli^d)-ljff-i^ 




5 Part A 

2K5Moio-5,6HJimethyl-N^-<2-phenoxyethyl)py^ 

Toluene (ISO ml), S% platinum on carbon (S.O g), and 2-chloro-S,6-dimethyl-3- 
nitco-N-(2-plienoxyetliyl)pyridm-4-amme (3.32 g) from Part B of Example 1 were placed 
in a Parr hydrogenation flask at a hydrogen pressure of 34S IdPa for 4 hours with shaking. 
10 HPLC analysis indicated that tfie reaction was complete. The reaction mixture was 

filtered tbrou^ a fluted filter paper and then through a folded No. 2 Whatman filter. The 
solvCTt was removed fix)m the filtrate under reduced pressm:e and the resulting brown oil 
was used in the next stq>. 
PartB 

15 4-chloro-2,6,7-trimethyl-l -(2-phenoxyethyl)-ljy-imidazo[4,5-<r]pyiicline 

2<MoTo-5,6-dimethyl-N^-(2-phenoxyethyl)pyridine-3,4-diamm (2.41 g), triethyl 
orthoacetate (1.60 ml), toluene (20 ml), and a catalytic amount of pyridine HCl were 
combined and heated to reflux for 2 hours. Methanol (15 ml) was then added and the 
reaction mixture was allowed to cool. The resulting white needles were filtered and dried. 

20 NMR analysis of tiie dried solid indicated a pure product. 
PartC 

2,6,7-trimethyl-4-phenoxy-l-(2«ph^oxyethyl)-liy-imidazo[4,5-c]pyri 

A solution of sodium phenoxide was prepared by adding phenol (0.60 g) in 
portions over a period of 1 hour to a chilled solution of 2-methoxyetiiyl ether (diglyme) 
25 (40 ml) and sodium hydride (60% m oil) (0.27 g). After 1 hour, 4-chloro-2,6,7-trimethyl- 
l-(2-phenoxyethyl)-liy-imida2o[4,5-c]pyridine (1.91 g) firom Part B was added to the 
sodium phenoxide solution and the resulting daik brown mixture was heated to reflux for 
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7 days. At this time, the reaction was 80% complete. Remaining sodium hydride was 
quenched by the addition of methanol (5 ml), and the solvents were then removed under 
reduced pressure. The oil was dissolved in etiiyl acetate, washed with water and brine, 
dried with inagnesiumsul&te, and concentrated under red The resulting 

5 brown solid was run through a silica gel column using 80/20 ethyl acetate/hexane as the 
eluant KMR analysis of the dried solid indicated sufficient purity.for carrying the product 
on to the next stq). 
PartD 

2,6,7-trimethyl-l-(2-phenoxyethyl)-lH-imidazo[4,5-cl^ 

10 A sealed tube containing anhydrous ammonium acetate (11 .4 g) and 2,6,7- 

trime&yl-4-idienoxy-l-(2-phenoxyelhyl)4H-imidaM (1.14 g) fiom Part C 

was heated to ISO ''C for 40 hours. The reaction was allowed to cool to room t^perature. 
The resulting reaction mixture was then dissolved in ethyl acetate and washed witti a 
saturated aqueous solution of sodium bicarbonate. The basic layer was washed twice wifli 

15 ethyl acetate. The organic layers were combined, dried with magnesium sul&te, and the 
solvents were removed undo: reduced pressure. The resulting orange solid was passed 
througji a silica gel column using 94/6 dichloromethane/methanol as the eluant Because 
NMR analysis indicated that the white solid contained ammonium acetate, the product was 
dissolved in chloroform and washed with 25% aqueous sodium hydroxide. The resulting 

20 basic aqueous layer was extracted twice with chloroform. The organic layas were 
combined, washed with water, dried with magnesium sul&te, and concentrated under 
reduced pressure. The resulting white sofid was dried under vacuum at 60 ''C for 24 hours 
to provide 2,6,7-trimethyl-l-(2-phenoxyeth}4)-l-ff-imidazo[4,5-<:]pyridin m.p. 
176.0- 177.0 *»C. 

25 Analysis: Calculated for Ci7H2dN40: %C, 68.90; %H, 6.80; %N, 18.90 
Found: %C, 68.71; %H, 6.95; %N, 18.89. 
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Example 3 

2-Biilyl-6,7-dimethyl-l-(2-phenoxyefliyl)-lfi^inii(^ 




5 PartA 

N-{2KJhloro-5,6-dimefliyl-4-[(2-phenoxyethyl)amm 

Triethyiamine (1.39 ml), anhydrous acetonitrile (100 ml), and 2-chloio-5,6- 
dime%l-N*'<2-phenoxye1hyl)pyridme-3,4-di^^ (2.92 g) finm Part A of Example 2 
combined and cooled to 0 in an ice bafh. Valeryl chloride (0.59 ml) was slowly 

10 added to file reaction mixture. After 2 hours, fhe reaction mixture was heated to SS for 
24 hours, at which point HPLC analysis indicated the reaction was complete. The reaction 
mixture was cooled and the solvent was removed under reduced pressure. The resulting 
oil was dissolved in dichloromethane and washed with water. The organic layer was dried 
with magnesium sulfate and flie solvent was removed under reduced pressure. The 

IS product was then passed through a silica gel column using 50/50 ethyl acetate/hexane as 
the eluant The resulting light brown solid was used in the next step. 
PartB 

2-butyl-4-chloro-6,7"dimethyl-l-(2-phenoxyethyl)-liy-imidazo[^^ 

Triethyiamine (1.93 ml), anhydrous ethanol (35 ml), and N-{2-chlon)-5,6- 

20 dimethyl4-[(2-phenoxyethyl)amino]pyriditt-3-yl}pentaiiamide (1 .32 g) from Part A were 
combined and heated to reflux for 24 hours. The reaction stalled, so the mixture was 
cooled and the solvent was removed under reduced pressure. Pyridine (75 ml) and an 
equivalent of pyridine HCl was added and the reaction mixture was heated to reflux for 16 
hours. TLC analysis indicated that the reaction was complete. The reaction was allowed 

25 to cool and the solvent was removed xmdcr reduced pressure* The resulting product was 
dissolved in ethyl acetate and washed 4 tunes with water (150 ml each) to remove the 
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pyridine HCl. The organic layer was dried with magaesium sulfate and the solvent was 
removed under reduced pressure. NMR analysis of the dried brown solid indicated 
suflBcient purity for use of the product in the next step. 
Parte 

5 2-butyl-6,7-dimethyl-4-phenoxy-l-(2-phenoxyethyl)4H-indd 

2-Methoxyethyl ether (diglyme) (1.50 ml) and sodium hydride (60% in oil) (0.12 
g) were combined and cooled to 0 **C. Phenol (0.27 g) was added slowly in portions ovex 
1 hour to allow for controlled release of hydrogen gas. 2-Butyl-4-chloTO-6,7-dimethyl-l- 
(2-phenoxyethy0-liy-inrida2»[4,5-<3]pyridine (0.96 g) from Part B was then added and Ihe 

10 reaction mixture became dark brown. The reaction mixture was heated to reflux for 5 
days, at which time HPLC analysis indicated the reaction was complete. The reaction 
mixture was cooled and washed with water. The mixture was filtered and the resulting 
solid was dried under vacuum at 60 *C overnight NMR analysis of the product indicated 
sufficient purity for use of the product in the next step. 

15 PartD 

2-butyWJ-dimethyl-l-(2-phenoxyethyl>l/^imidazo[4,5-c]pyri 

A sealed tube containing ammonium acetate (7.5 g) and 2-butyl-6,7-dimethyl-4- 
phenoxy-l-(2-phenoxyethyl)4Jy-imidazo[4,5-c]pyridine (0.75 g) firom Part C was heated 
in an oil bath to 150 **C for 48 hours. The reaction reached 70% completion and was 

20 allowed to cool to room temperature. The reaction mixture was th^ dissolved in ethyl 
acetate and washed wifli a saturated aqueous solution of sodium bicarbonate. The organic 
layer was dried with magnesinm sul&te and concentrated under reduced pressure. The 
product was passed fhrougjh a silica gel column using 10/90 me&anol/ethyl acetate as the 
eluant To remove impurities, the product was reciystallized twice fi^macetonit^^ 

25 charcoal The resulting white crystals were crushed and dried to yield 2-butyl-6,7- 

dimefhyl-l-<2-phenoxyefhyl>lH-imidazo[4,5-c]pyridin-4-amm m.p. 130.0-132.0 "^C. 
Analysis: Calculated for C20H26N4O: yoC, 70.98; %H, 7.74; %N, 16.55 
Found: %C, 70.80; %H, 7.43; %N, 16.56. 
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Example 4 

l-[2-CBenzyloxy)ethyl]-2<ettioxymethyl)-^^^ 

atnine 




5 

PartA 

tert-butyl 2-(benzyloxy)ethylcarbamate 

To a mechamcally stirred mixture of tert-butyl 2-(hydroxy)ethylcarbamate (32.2 g, 
200.4 mmol) and sodium hydroxide (300 mL of 50%) was added 

10 benzyltrimethylainmoniimi chloride (3.79 g, 20.4 mmol) and b^izyl bromide (23.8 mL, 
200.4 mmol). After stirring at room temperature for 12 hours TLC monitoring, using 1/1 
hexane/elhyl acetate and ninhydrin stain, indicated complete reaction. The resulting clear 
solution was diluted with ice water (1 L), and the organic layer was separated. The 
aqueous layCT was washed wilh chloroform (4 x). The organic layers werb combined and 

1 5 washed with water (2 x) and brine (2 x)^ dried with sodium sulfite, and concentrated under 
reduced pressure to provide 45.4 g of clear liquid. NMR analysis confirmed the product, 
which was used in the next stq>. 
Parts 

2-(benzyloxy)ethylamine HCl 

20 Thepit)ductfi:omPartA(45.4g, 180.6 mmol), 2.2 M hydrochloric acid in ethauol 

(200 mL), and 10% aqueous hydrochloric acid (20 mL) were combined and sthred for 62 
hours. The reaction was deteraiined to be complete by TLC and HPLC analysis. The 
volatiles were removed under reduced pressure, and the resulting solids were recrytallized 
fix)m ethyl acetate. The resulting white fluffy crystals were filtered ofi; rinsed with diethyl 

25 ether, and dried for 1 hour to provide 27.4 g of white solids. NMR analysis confirmed the 
hydrochloride salt of 2-(benzyloxy)ethylamine, which was used in the next step. 
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Parte 

N-[2-(Beai2yloxy)e%l]-2-cMoro-5,6-dimethyl-3-nitropyridm-4-ai^ 

2,4-Dichloro-6,7-dmiethyl-3-mtiopyridine (26.89 g, 121.7 mmol), anhydrous N,N- 
dimethylfonnamide (400 mL), anhydrous triethylamine (48.84 mL), and the 

5 benzyloxyethykmine hydrochloride salt (27.4 g, 146.0 mmol) ftom Part B were combined 
under nitrogen and heated to 90 "C for 20 minutes, 60 "C for 1 hour, and then 90 "C for 1 
hour. Hie reaction was conq)lete as determined by TLC analysis using 8A2 hexane/ethyl 
acetate. The reaction mixture was concentrated under reduced pressure, and the resulting 
orange solids were triturated with water. The resulting solids were filtered off and 

10 recrystallized ftom efliyl acetate. RecrystaDized soUds were rinsed with hexane and dried 
under vacuum at 50 "C for 30 minutes to provide 21.8 g of yellow fluffy solid for use in 
the next step. NMR analysis confirmed the N-[2-(benzyloxy)ethyl]-2-chloro-5,6- 
dimelh^-3-nitropyridin-4-amine and a minor amount of residual salts. 
PartD 

15 N-[2-<Benzyloxy)ethyl]-5,6-dimelh)i-3-nitto-2-phfinox>pyridinr4-ami^ 

To a stirred solution of sodium hydride (4.75 g, 118.8 mmol, 60% in mineral oil) in 
diglyme (50 mL) under a nitrogen purge was added phenol (11.56 g, 122.8 mmol) 
dissolved in diglyme (50 mL) by cannula over a 10 minute period. The flask fixm which 
the phenol solution was transferred was washed with diglyme (2 x 20 mL), and the 

20 washings were added to the reaction mixture. Because flie reaction was exothermic, an ice 
bath was used to cool the reaction mixture. After 15 mmutes, addition of a solution of N- 
[2-(benzyloxy)etiiyl]-2-chloro-5,6-dimetixyl-3-niti:opyridin-4-amine (26.6 g, 79.2 mmol) in 
diglyme (100 mL) to flie clear solution of sodium phenoxide was begun. The flask &om 
which tiie pyridine-4-amine starting material was transferred was rinsed witii diglyme (3 x 

25 20 rnL), and flie rinsings were transferred to tiie sodium phenoxide solution as well. The 
transfer was complete after 15 mmutes, and tiie resulting orange solution was heated to 
about 150 °C for 4.5 hours vibsa. the reaction was determined to be essentially complete by 
HPLC. The resulting reaction solution was concentrated undo: reduced pressure, and flie 
resulting dark oil was dissolved in efli^ acetate. The efliyl acetate sohition was wased 
30 wifli ammonium chloride (1 x), 1 N potassium hydroxide (3 x), and brine (2 x). Hie 
potassium hydroxide ficactions were combined and ©ctracted with dichloromefliane (4 x). 
The organic fiactions were combined, dried with magnesium sulfate, and concentiated 
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under reduced pressure. The resulting dark ofl was passed through a column contyiaiug 
400 g silica using 8/2 hexane/ethyl acetate^ The resulting isolated product was an oxw^ 
oil, which was triturated with hexane/diethylefher. The resulting yellow solids were 
dried in a vacuum oven at 60*^ to provide 21 g of product NMR and LCVMS aaalys^£ 
5 confirmed the N-[2<b€n2yloxy)ethyl]-2,3-dimethyl-5-nitro-6-phenoxypy^ 
with good purify. 
PartE 

l^-[2-(Braizyloxy)ethyi]-5,6Hiime1h^-2-phenoxypy^ 

N"[2-(Benzyloxy)ethyl]-5,6Hlimethyl-3-nitro-2^hmoxypy^ (12 

10 30.499 mmol) firom Part D was combined with 5% platinum on carbon (2.2 g) in a Paar 
flask under a nitrogen purge. Toluene was slowly added to the resulting reaction mixfee, 
which was then pressurized with hydrogen at 3 10 kPa. After 2 hours the reaction 
complete. The resulting reaction mixture was jHltered through Celite™ filter ageut d 
the filtrate was concentrated under reduced pressure to provide 10.6 g of brown \n . 'Sy-i 

15 analysis confirmed the lSf*-[2-(benzyloxy)efliyl]-5,6-dimethyl-2-phenox)pyridm : ■ 
diamine at a purity of 99+%. 
PartF 

2<Etiioxymefliyl)-l-[2-(ben2yloxy)ethyl]-6jHiimelh^^ 
c]pyridine 

20 N^-[2-<Benzjdoxy)efliyl]-5,6-dimethyl-2-phenoxyp3ddm^ (5.3 j>, 1 ^.fu , 

mmol) 6om Part E, pyridine (50 mL), and pyridine hydrochloride (0.034 g, 0-291 6 n?jL O I) 
were combined with stirring und^ nitrogen and cooled with an ice .badi to aboui 7 XI 
Elhoxyacetyl chloride (1.876 g, 15.311 mmol) was added dropwise over 1 mmiiaj, aa i ibt 
resulting reaction mixture was stirred for 30 minutes. The ice bath was removed 1 C; MS 

25 analysis of the resulting reaction solution confirmed tiie molecular weight of the expects- 
amide, and TLC (with 1/1 hexane/ethyl acetate) and HPLC analysis indicated no stxrAix% 
material or other by-products present 

The resulting reaction solution was heated to reflux 90 ''C) for about 10 bxnn ^ . 
HPLC analysis of the resulting reaction solution indicated about 4% of the amide 

30 remaining along with the desired product The reaction solution was cooled to room 
temperature and concentrated under reduced pressure. The resulting oil was tri iur atc^ J. 
with hexane/diethyi ether, and the resulting solid was filtered off and dried to pr 'v'. ido >^ '} 
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g of pure product A second crop from the hexane/diethyl ether was recovered to provide 

an additional 03157 g of desired product 

PartG 

l-[2-(Benzyloxy)ethyi]-2-(ethoxymethyl)-6,7-Kiimelh 
S amine 

2-(Ethoxyraethyl)-l-[2-<benzyloxy)ethyl]-^J--dimethyl-^ 
UDidazo[4,S-c]pyridine (433 g, 10.03 mmOl) was placed in a glass reaction flask, and then 
ammonium acetate (45 g) was added The flask was sealed witili a teflon screw c^ and 
heated to 156 X for 44 hours. The reaction was determined to be complete by HPLC 

10 analysis, and the desired product's molecular weight was confinned by LC^^ Hie 
resulting solution was basified with 1 N potassium hydroxide to a pH of about 14. The 
basic solution was extracted wi<h dichloromefiiane (5 x), and the organic layers were 
combined, washed with water (3 x) and brine (3 x), dried with magnesium sul£ite, filtered, 
and concentrated under reduced pressure. The resulting oil was triturated with diethyl 

15 ether. After the resulting soHds were filtered ofif and dried, they were recrystaUiz^ 
ethyl acetate/diethyl ether and again dried. NMR analysis or therecrystallized solids 
indicated impurities. The recrystallized solids were dissolved in efhanol. Hydrochloric 
acid (10 mL, 1 N) was added to the ethanol solution, and the resulting salt was filtered off 
and dissolved in water. The resulting aqueous solution was basified with 1 N potassium 

20 hydroxide to a pH of about 14 and extracted with dichloromefhane (4 x). The organic 
layers were combined, washed with water (2 x) and brine (3 x), dried with magnesimn 
sulfate, filtered, and concentrated under reduced pressure to a white solid. The white solid 
was dried to provide 1.4285 g of l-[2-(benzyloxy)ethyl]-2-(ethoxymefhyO-6,7'KJm 
ljH'-inddazo[4,5-c]pyridin-4-amine, ntp. 1073-108-2 

25 Analysis: Calculated for C20H26N4O2: %C, 67.77; %H, 739; %N, 15.81; Found: %C, 
67-88; %H, 7.44; %N, 15.79. 

NMR (300 MHz, DMSO-de) 5 7.22-7.31 (m, 3H), 7.14 (dd, J = 9.4, 1.9 Hz, 2H), 5.81 
(s, 2H), 4.67 (s, 2H), 4.57 (t, J = 5.6 Hz, 2H), 4.42 (s, ZH), 3.76 (t, J = 5.6 Hz, 2H), 3.47 
(q, J = 7.2 Hz, 2H), 234 (s, 3E0, 2.30 (s, 3H), 1.12 (t, J = 7.2 Hz, 3H) 
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Examples 

l-[2'<BenzyIoxy)efliyl]-2,6,7-trimetiiyl-^ 




5 PartA 

l-[2-(ben2yloxy)ethyl]-2,6J-tiiniethyl-4-phenox^^ 

K*-[2-(Benzyloxy)elliyl]-5,6-dme1hyl-2-pheaox^ (5.3 g, 14,582 

imnol) from Part E of Example 4, anhydrous tolueae (50 mL), pyridine hydrochloride 
(0.034 g, 0.2916 mmoi), and triethyl orthoacetate (4.00 mL, 21.873 mmol) were combmed 

10 vdthstiiringxmder nitrogen. After the resdting solution was heated to 90 (gentle 
reflux) for 1 hour, the reaction was con]{)lete. The reaction solution was concentrated 
imder reduced pressure, and the resulting oil was dissolved in ^ Theethyl 
acetate solution was washed with water (3 x) and brine (2 x), dried with magnesium 
sul&te,ffltered,,and concentrated undo: reduced pressure. The resulting solid was 

15 triturated with diethyl e&er, filtered ofl^ and dried to pro^d^ 
product, vdiich was used in the next step. 
PartB 

l-[2-<ben2yloxy)ethyl]-2,6,7-trimethyl-lfr-imida2X)[^^^ 

l-[2-(Benzyloxy)ethyl]-2,6,7-trimefhyl-4-phenoxy-l/^inn^ 

20 (5.113 g, 13.195 mmol) from Part Aand ammonium acetate (51 g) were combined ina 
dried glass pressure flask under nitrogen. The flask was sealed and heated to 1 50 X for 
46 hours. The reaction was complete, and tiie resulting solution was cooled and basified 
to a pH of about 12 with 1 N potassium hydroxide. The basic solution was extracted with 
dichloromethane (3 x), and the organic layers were combined, washed with water (3 x) 

25 and brine (3 x), dried with magnesium sulfate, filtered, and concentrated under reduced 
pressure. The resulting oil was triturated with diethyl ether, and the resulting solids were 
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filtered oflE NMRandysis ofthesoUds indicated residual phenol. The solids were 
dissolved in ethyl acetate. The ethyl acetate solution was washed with 1 N potassium 
hydioxide (4 x), water (3 x) and brine (3 x), dried with magnesium sulfate, filtered, and 
concentrated under reduced pressure. The resulting oil was diluted with diethyl ether, and 

5 after several hours the resulting crystals were filtered off and rinsed with diethyl ether. 
The resulting solids, which by NMR analysis were fi:ee of the phmol, were dried at 60 °C 
for 17 hours under hi^ vacuum to provide 2.2515 g of l-[2-(benzyioxy)ethyl]-2,6,7- 
tdmeth)d-lfl'-imidazo[4,5--c]pyridin-4-amine,m.p. 136.8-137.5^0, 
Analysis: Calculated for C18H22N4O: %C, 69.65; %H, 7.14; m 18.05; Found: %C, 

10 69.71; %H, 7.06; %N, 18.03. 

NMR (300 MHz, DMSOde) 5 7.24-7.31 (m, 3H), 7.15 (dd, J = 9.4, 1.9 Hz, 2H), 5.61 
(s, 2H), 4.45 (t, J « 5.3 Hz. 2H), 4.42 (s, 2H), 3.73 (t, J = 5.3 Hz, 2H), 2.47 (s, 3H), 2.32 (s, 
3H),2.29(s,3H) 

15 Example 6 

l-[2-(Benzyloxy)ethyl]-6,7-dimethyl-2-propyl-ljy-inudffi 

NH2 




PartA 

20 l-[2Kbenzyloxy)efhyl]-^,7-^ethyl-4-pheaoxy-2-piop^^ 

Pyridine hydrochloride (0.04 & 0.380 mmol), and trimethyl orfhobutyrate (4.6 mL, 
28.48 mmol) were added to a stirred solution of >f -[2-(beiizyloxy)e1hyl]-5,6-<ilimet^ 
phenoxypyridine-3,4-dianiine (6.9 g, 18.984 mmol) prepared as in Part E of Example 4 in 
toluene (65 mL). After the resulting solution was heated to reflux for 2 hours, the reaction 

25 was complete as determined by TLC (using 1/1 hexane/ethyl acetate), HPLC, and LC/MS. 
The reaction solution was then concentrated under reduced pressure, and the resulting oil 



145 



wo 03/103584 



PCTAJS03/17659 



was dissolved in ethyl acetate. The efhyl acetate solution was washed with brine (3 x), 
dried wi& magnesium sul&te, filtered, and concentrated under reduced pressure. The 
resulting tan solids were triturated with diethyl ether, filtered of^ and dried to provide 
6,5862 g of pure product (by NMR and LC/MS), which was used in the next step. 
5 PartB 

l-[2-(benz3doxy)ethyl]-6,7-<limethyl-2-propyl-l£f-M 
142-<Benzyloxy)efhyl]-6,7-dime1hyl-4-phe^^ 
c]pyridine (6.6 g, 15.8 mmol) and anunoniutn acetate (66 g) were combined in a dried 
g^ass pressure fiask under nitrogen with sturing. The flask was sealed with a teflon screw 

10 cap and heated to 156 for 44 hours. The reaction was complete as determined by 

HPLC and LC7MS, and the resulting solution was cooled and basified to a pH of about 14 
with 1 N potassium hydroxide. The basic solution was extracted with dichloromethane (5 
x), and the organic layers were combined, washed with 1 N potassium hydroxide (3 x), 
water (1 x) and brine (3 x), dried with magnesium sulfite, filtered, and concentrated under 

15 reduced pressure. The resulting residue was triturated with eUiyl acetate/diethyl ether, and 
the resulting solids were filtered off and dried. NMR analysis of the solids indicated 
impurities. The solids were recrystallizedfiomisopropyl alcohol and dried, hnpuritiess 
were found in the resulting solids (3.2982 g), which were tiben recrystallized fix>m ethyl 
acetate/hexane and again dried. The resulting solids (2.4076 g), still with impurities, were 

20 dissolved in etfaanol, and the resulting solution was treated with 1 Mhydrochloric acid in 
diethyl ether (10 mL). The resulting hydrochloride salt was filtered oj^ dissolved in 
water, and the aqueous solution was basified with IN potassium hydroxide to a pH of 
about 14. The resulting aqueous mixture was extracted with dichloromethane (5 x), and 
the conibmed organic layers were washed wi& water (3 x) and brine (3 x), dried with 

25 magnesium sulfate, filtered, and concentrated under reduced pressw^^ The resulting white 
solid was dried to provide 1.5999 g of l-[2-<benzyloxy)ethyl]-6,7-dimethyl-2-^)ropyl-l-ff- 
imida2o[4,5-c]pyridin-4-amine, m.p. 99.5-100.0 **C. 

Analysis: Calculated for C20H26N4Q: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C, 
70.79; %H, 7.71^ %N, 16.80. 
30 *H NMR (300 MHz, DMSO-d^) 5 7.24-7,31 (m, 3H), 7.14 (dd, J = 9.4, 2,3 Hz, 2H), 5.60 
(s, 2H), 4.46 (t, J = 5.6 Hz, 2H), 4.41 (s, 2H), 3.71 (t, J = 5,3 Hz, 2H), 2.78 (t, J = 7.5 Hz, 
2H), 2.32 (s, 3H), 2.29 (s, 3H), 1.76 (sextet, J = 7.5 Hz, 2H), 0.95 (t, J = 7.2 Hz, 3H) 
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Example 7 

2,6J-Trimetiiyl-l-{2-[(3-phenylprop-2-)iiyl)oxy]e%^ 

amine 




Part A 

3-Biomo-l-pheiiylpropyne 

3-Fheiiyl-2*'piopyii*-l-ol (S g, 37.83 nnnol), axQfhdTous diefb^ efher (10 mL), aad 

10 aiihydious pyridine (0J6iiiL)w6i:e(x>mbme^ Tofhe 

resulting reaction mixture cooled to about 7 witii an ice bath ivas added drop^e over 
20 minutes a solution of phosphorous tribromide (1.8 mL (18.92 mmol) in anhydrous 
diethyl eth^ (20 mL). The ice bath was tibien removed, and the solution was stirred at 
room temperature for 2 hours. The reaction was complete, and flie resulting reaction 

15 mixture was diluted with ice water. The organic layer was separated, and the aqueous 

layer was washed with diettiyl ether (3 x). The combined organic layers were washed with 
water (2 x), saturated aqueous sodixun bicarbonate (2 x), and brine (2 x), dried with 
magnesium sulfate, diluted with 8/2 hexane/ethyl acetate (100 mL), filtered through silica, 
and concentrated under reduced pressure. The resulting oil was filtered throu^ silica with 

20 a dichloromethane rinse. The filtrate was concentrated under reduced pressure to provide 
a slightly cloudy oil (7.22 g). 3-Bromo-l-phenylpropyne was confirmed by >IMR 
analysis. 
Parts 

l-[(2-CMoro-5,6-dimethyl-3-mtropyridin-4-yl)annno3el^ 
25 2,4-Dichloro-5,6-dimethyl-3-nitropyridine (60 g, 271.4 imnol), anhydrous N,N- 

dimettiylfonnamide (900 n^L), ethanolamine (19.6 mL^ 325.8 mmol), and anhydrous 
ttiethylamine (45.4 wLj 325.8 mmol) were combined with stirring under nitrogen. The 
reaction mixture was held at 40 ^'C for 1 7 hours when TLC and HPLC monitoring 
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indicated conq)lete reaction with no Starting material present. The resulting reaction 
mixture was concentrated under reduced pressure, fbe resultmg yellowish orange soKds 
were triturated with water (3 x 1 L), filtered of^ and dried by dissolving the soUds in 

methanol/diethyl ether, foUowed by removal ofthe solvents undea: reduced pressure. The 
5 resulting soKds were shmied in diethyl eflier, followed by removal of the diefttyl ether 
underreducedpressure. After repeating the slurrying and solveaot removal several times, 
the resulting solid was dried at 85 for 16 hours under high vacuum to provide 55.2 g of 
yellow solid, which was carried on to Ihe next stop. NMR analysis confirmed l-[(2- 

chloro-5,6-diine%l-3HQitropyridin-4-jd)ainino]efhan-2-ol. 
10 Parte 

l-[(2>Dhne%l-5-nitro-6-phm>3(yp3ddinr4-yl)ammo 

. A solution of phenol (94 g, 998.9 mmol) in diglyme (200 mL) was added slowly 
over 45 mmutes to a solution o^sodium hydride (38.06 g, 951.5 mmol, 60% in mineral 
oa) in digTyme (100 mL) d^Ua to 4 "C with an ice bath. Hydrogen gas evolved, and the 

15 tonperatureuicreasedtoamaximumof34S»abmwasunniediateIy 

the rate of phenol addition. ^ After addition was complete, the reaction mixture was stirred 
for 1 hour. About 200 mL of tiie resulting clear solution was removed and set aside. The 
ice balh was removed, and l-[(2<Woro-5,6s4imetiiyl.3-mtropyTidin-4-yi)ammo3efl^ 
(55.2 g, 224.69 mmol) dissolved m diglyme (400 mL) was added to the clear reaction 

20 solution under nitirogen. The flask fix>m wMch the starting material was tiansfeired was 
rmsed with diglyme (2 x 1 00 mL), and the ri^ngs were added to the resulting reaction 
mixture. This reaction mixture was heated to! 1 10 "C for 4 hours under a flow of nitrogen, 
and thea the resdting reaction mixture was coiicentrated under reduced pressure. The 
resulting oil was cooled to about 5 "C for 2 days, triturated with iexane, and passed 

25 flirough a silica gel column usmg 8/2 hexane/ethyl acetate, then 7/3 hexane/efliyl acetate, 
and ending with 6/4 hexane ethyl acetate ovw 3 days. A first 10.5 g fiaction of impure 
product and a second 3.9 g fiaction of pure product were isolated. The first fiaction 
(9.6510 g) was dissolved in etbyl acetate^iexane and flie product allowed to crystallize. 
The crystals were filtered off and dried to provide 9.6510 g of product, which was 

30 combined wifli flie previous 3.9 g of pure product and carried on to the iiext step. 
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PartD 

l-[(23-Dimetliyl-5-mtro-6-phenoxyp3radm-4-yl)aiiuno]^^ 

l-[(23-Dimethyl-5-mtro-6-pheiioxypyridm-4-yl)ainino]diian (13.55 g, 44.67 

mmol), anhydrous dichloromethane (150 mL), pyridine (21.7 mL), and 
5 dimetiiylaminopyridine (0.1 1 g) were combined, and then acetic anhydried was added 
vmdw nitrogen. The resulting solution was stined at room tanperature for 30 minutes. 
The leactioa was conqjlete, and liie reaction solution was concentrated undo: reduced 
pressure. The resulting oil was dissolved in dichloromethane, and the dichloromethane 
solution was washed wifli 4% sodium bicarbonate (3 x), water (3 x), and brine (3 x), (tied 
10 wilhinagnedum sulfete,fatered, and concentrated underreducedpressiTO. The resulting 
yellow solid was trituralBd wilh dieth^ efiier, and fbs solids were filtered off and dried to 
provide 11.5 g of product The l-[(2,3-Dimefliyl-5-nitro^henoxypyridin-4- 
yl)amino]eth-2-yl acetate structure was confirmed by NMR and its molecular waght was 
confinned by LCTNCS. 
15 PartE 

l-[(3-Amino-5,6-dimethyl-2-phenoxypyridin-4-yl)amino]eth-2-yl Acetate 

l-[(2,3-Dimethyl-5-nitro-6-pheaoxypyridin-4-yl)ainino]eth-2-3^ acetate (11.5 g, 
33.30 mmol) was combined with 5% platmnm on carbon (5.0 g) m a Parr flask. Tohiene 
was added to the flask (120 mL) and the resulting mixture was pressurized with hydrogen 
20 at 310 kPa at room temperature for 1.6 hours. The reaction was con^lete as detennined 
by LCVMS and HPLC. The resulting reaction mixture was filtered through CeUte™ filter 
agent, and the filter cake was rinsed with more toluene. The volatiles were removed under 
reduced pressure, and the resulting oil was carried on to the next step. 

PaitF 

25 l-[2,6,7-Ttimethyl-4-phenoxy-lir-imidazo[4,5-c]pyridin-l-yl]eth-2-yl Acetate 

l-[(3-Ainino-5,6Hiunelh^-2-phenoxypyridinr4-yl)amino]eth-2-yl acetate (10.5 g, 
33.29 mmol), tohieae (100 mL), pyridine hydrochloride (0.077 g, 0.6659 nunol), and 
triefliyl orthoacetate (9.1 mL, 49.94 mmol) were combined with stirring and the resulting 
mixture was heatedto a gentle reflux (about 95 for 1.5 hours. Thereactionwas 

30 complete. The resulting reaction niixture was concaatrated under reduced pressure to 

vrfdte solids, which were dissolved in efliyl acetate. The ethyl acetate solution was washed 
with water (3 x) and brine (2 x), dried wifli magnesium sulfiite, filtered, and concentrated 
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under teduced pressure. The resulting soUd was tritoiated with diethyl ether, ffl 

and dried at 60 °C overnight to provide 11.1 gofpure product, which was carried on to the 

next step. 

PartG 

5 l-[2,6,7-Triinefliyl-4-phenoxy-lH-inddazo[4,5-c]p3dd^ 

l-[2,6,7-TtimefhyM-phenoxy-lH-imidazo[4,5-<r]pyridi^ 
(11.1 g, 33.0 nunol), methanol (250 noL), and potassium carbonate (1.14 g, 8.2S mmol) 
were combined with stirring and heated to 45 ^xmdermtrogen. The reaction was 
con^lete after 30 minutes, and the reaction mixture was concentrated under reduced 
10 pressure to a solid, which was dissolved in dichloromethane. The resulting solution was 
subjected to flash chromatogrq)hy using 9/1 dichloromethane/methanol. A white solid 
was isolated and dried to provide 9.1 g of product 
PartH 

l-[2,6,7-Trimethyl-4-phenoxy-l£r-inndazo[4,5-^]pyr^ 
15 ynyi) Ether 

Sodium hydride (0.82 g, 20.48 mmol, 60% in mineral oil) and anhydrous NJNT- 
dimethylfonnamide (20 mL) were combined and stirred for 5 minutes under nitrogen. A 
solution of 142,6,7-trimethyl-4-phenoxy4H-imidazo[4,5-^]pyri (5.8 g, 

19.50 mmoQ fiom Part G in N,N-dimethylfonnamide (30 mL) was tti&i added to the 

20 sodium hydride over 5 minutes. After stbdng the resulting reaction solution for 10 
minutes at room temperature, asolution of 3-bromo-l-phenylpropyne (4.18 g, HAS 
mmol) from Part A in N,N-dimethylformamide (1 5 mL) was added to the reaction 
solution, and the resulting reaction mixture was stirred for 4 hours and 10 minutes. 
Sodium hydride (0.10 g, 60 % in mineral oil) and then 3-bromo-l-pheny]^ropyne (1 g) 

25 were added to the reaction mixture, and after stirring for 30 minutes, HPLC monitoring of 
the reaction mixture indicated about 7% startmg mat^al remaining. The reaction mixture 
was concentrated under reduced pressure, and the resulting oil was dissolved in 
dichloromethane. The dichloromethane solution was washed with saturated anmionium 
chloride (3 x), water (3 x), and brine (3 x), dried with magnesium sulfate, filtered, and 

30 concentrated under reduced pressure to a brown solid, which was triturated with diethyl 
ether. The resulting solid was filtered o£^ and a second crop was collected firom the 
mother liquor. The combined solids were passed through a column of silica (120 g, 40 x 
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200 mm) using 95/5 ethyl acetate/dichloromethane. A white solid (5.4 g) was isolated and 
carried on to the next step. HPLC analysis indicated the presence of about 9% starting 
material in the white solid* 
Parti 

5 2,6,7-Trimethyl-l-{2-[(3-pheny]^iop-2-ynyl)o3Qr]ethyl}-W^ 

amine 

H2,6,7-Trimettiyl-4-pheaoxy4ff-imidazo[4,5-c]^ (3- 
plieQ^prop-2-ynyl) ether (5.4 g, 13.122 mmol) fiom Part H and ammonium acetate (54 g) 
were conibined in a glass pressure vessel The vessel was sealed with a teflon screw cap, 

10 and the reaction inixture was heated to 150%! fi)r 45 hours. The reaction was ess^idally 
complete, and the lesultmgreadion solution was cooled with an ice bath, acidified to apH 
of 1 with 10% hydrochloric add, and washed with dichloiomethane (3 x 500 mL). The 
combined organic portions were washed with 10% hydrochloric add (4 x). The addic 
aqueous portions were combined, basified with potassium hydroxide pellets to a pH of 14. 

15 The resulting brown soHds were filtered off and recrystallized&)m mediae Afirstcrop 
of 0.6 g was collected for use in Example 5, and a second crop was collected and found to 
contain about 2% of the 4-hydroxy compound by NMR analysis. The second crop was 
returned to the mother liquor, and dichloromethane was added until all solids were 
dissolved. IM Hydrochloric acid in diethyl eihet (20 mL) was added to the resulting 

20 solution, and the solids that formed were filtered off, and dissolved in water, which was 
basified to a pH of 14 with potassium hydroxide pellets. The resulting solution was 
washed with dichloromethane (3 x). The organic portions were combined, washed with 
water (2 x) and brine (2 x), dried with magaesium sulfide, filtered, and concentrated under 
reduced pressure. The resulting ^^te solid (1.8 g) was dissolved in dichloromethane (150 

25 mL), and IM hydrodiloric acid in diethyl ether (5.3 mL) was added to the resulting 

solution. The addified solution was concesitrated under reduced pressure. TheresultiDg 
solids were dissolved m water, and this aqueous solution was filtered to remove an oily 
sludge. The filtrate was basified with a &w drops of 20% potassium hydroxide and then 
IN potassium hydroxide to a pH of 13. The fine white predpitate that fi)rmed was filtered 

30 off, rinsed with diethyl ether, and dried under vacuum for 1 8 hours to provide 1 .8064 g of 
2,6,7-trimethyl«l-{2-[(3-phenylprop-2-ynyl)oxy3ethyl}-lJy-iniida^ 
amine, m.p. 186.8-187.5 
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Analysis: Calculated for C20H22N4O: %C, 71.83; %H, 6.63; %N, 16.75; Found: %C 
71.51; %H, 6.50; %N, 16.71. 

NMR (300 MHz, DMSO-d«) 8 7.32-7,40 (m, 5H), 5.61 (s, 2H), 4.47 (t, J = 5.3 Hz, 2H), 
4.36 (s, 2H), 3.83 (t, J - 5.6 Hz, 2H), 2.50 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H) 

Bxan^leS 

2,6,7-TWmethyl-l-[2<3-phenyi[m)po:qr)elhyl]-lJy-m^ 

V 





10 2,6J-Trimelii3d-l-{2-[(3-phenylprop-2-ynyl)oxy]cai^}-lff-imid^ 

c]pyridm-4-amme (0.55 g, 1 .645 mmoQ fixm Part I of Example 7 was combined wifli 10% 
palladium on caibon (0.10 g) in a Parr reactor. Methanol (30 mL) was added to the 
resulting mixture undw a nitrogen purg^ and then the mixture was placed under hydrogen 
at a pressure of 3 1 0 kPa for 4 hours. The resulting reaction mixture was filtered fhiou^ a 

15 layer of Celite™ filter agent, and the filtrate was concentrated under reduced pressure to a 
clear oil. The oil was dissolved in 5% methanol in diethyl ether (~ 50 mL), and IM 
hydrochloric acid in diethyl ether (1.7 mL) was added to the resulting solution. Volatiles 
wrae i«noved under reduced pressure, and the resulting soUds were dissolved in water. 
The aqueous solution was stirred for 10 minutes when the product oiled out of solution. 

20 The aqueous portion was washed with dichloromethane (3 x). The combined organic 
portions were washed with water (2 x) and brine (3 x), dried with magnesium sulfite, 
filtered, and concentrated to a glassy oil und« reduced pressure. The oil was triturated 
witii diethyl ether. The solids that fi)rmed after 10 minutes of stirring were filtered off and 
dried for 18 hours to provide 0.3185 g of 2,6,7-trimefliyl-l-[2-(3-phenylpropoxy)e1hyl]- 

25 lfl^imidazo[4,5-c]pyridin4-amine, m.p. 118.1-119.0 "C. 
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Analysis: Calculated for C20H26N4O: %C, 70.98; %H, 7.74; %N, 16.55; Found: %C, 
70.72; %H, 7.77; %N, 16.65. 

NMR (300 MHz, DMSO-dfi) 8 7.09-7.22 (m, 3H), 6.99 (d, J = 8.1 Hz, 2H), 5.66 (s, 
2H), 4.43 (t, J = 53 Hz, 2H), 3.64 (t, J = 5.3 Hz, 2H), 3.27 (t, J = 6.2 Hz, 2H), 2.51 (s, 
5 3H), 2.45 (t, J = 7.8 Hz, 2H), 2.36 (s, 3H), 2.31 (s, 3H), 1.68 ^, J = 7.0 Hz, 2H) 

Example 9 

amine 




10 ^ 
PartA 

l-[2,6,7-Trimelhyl-4^enoxy-lH-imidazo[4,5K:]p3radin-l-yl]elh^ 
Phenylprop-2-enyl] Eflier 

IS Sodium hydride (0.41 g» 10.24 mmoU 60% iaminetal oil) and aohydraasN^- 

dimethylfbnnamide (10 mL) were combined and stitred for 5 minutes under nitcog^ A 
solution of l-[2,6J-lcimefliyl-4-plimoxy-lH-iimdaM[4,5H5]^ (2.9 g, 

9.7S2 mmol) fiom Part G of Example 7 in N^-^tmethylfonnamide (15 mL) was then 
added to the sodium hydride over S minutes. After stirring the resulting reaction sohition 

20 for 10 minutes at room temperature, a solution of cinnamyl bromide (2.1 1 g, 10.73 mmol) 
in N^-dimethylformamide (15 mL) was added to the reaction solution, and the resulting 
reaction mixture was stirred for 4 hours and 10 minutes. Sodium hydride (0. 10 g, 60 % in 
mineral oil) and then cumamyl bromide (0.1 g) were added to the reaction mixture, and 
after stirring for 30 minutes, HPLC monitoring of the reaction mixture indicated about 9% 

25 starting material remaining. The reaction mixture was concentrated und^ reduced 
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pressure, and the resulting oil was dissolved in dichlorbmethane. the dichloromethane 
solution was washed with saturated ammoniuin chloride (3 x), water (3 x), and brine (3 x), 
dried with magnesium sulfate, filtered, and concentrated underreduced pressure to a i^te 
solid, which contained about 6% starting material by HPLC analysis, the white solid was 
5 passed through a column of silica (120 g, 40 x 200 mm) using 95/5 e&yl 

acetate/dichloromethane. The isolated product was triturated with diethyl efher, filtered 
of^ and dried to provide 2.9 g of product with no starting material. This was carried on to 
the next step. 
PartB 

10 2,6,7-Trimethyl4<2-{[(2E>3-phenylprop-2-enyl3oxy}ethyl)- 
amine 

l-[2,6,7-Tximethyl-4-phenoxy-lff-iinidazo[4,5-c]pyridin4-y^^ 
phenylprop-2-enyl] efher (2.9 g, 7.013 mmol) ftom Part A and ammonium acetate (54 g) 
were combined in a glass pressure vessel. The vessel was sealed with a teflon screw cap^ 

15 and the reaction mixture was heated to 150 °C for 45 hours. The reaction was complete, 
and the resulting reaction solution was cooled with an ice bath, basr&ed to a pH of about 
13 with IN potassium hydroxide, and washed with dichloromethane (4 x 500 mL). The 
combmed organic portions were washed with water (3 x) and brine (3 x), dried with 
magnesium sul&te, filtered, and concentrated under reduced pressure to a white solid. 

20 The resulting white solid was slowly passed through a column containing 200 g silica that 
had been heated vnHh 1% diethjd ether in dichloromediane using 98/2 
dkUoromethaiieiAnelliaiioL Two crops of product were isolated £rom tibie dated solution, 
and botbi were recrystalUzed fiom isqprapyl alcohol. The lesultiog white powder was 
dried under vacuum for 18 hours to provide 0.7479 g of 2,6,7-trimethyl-l-(2-{[(2E)-3- 

25 plieay]^)rop-2-m3d]oxy}ethyl)-ljEr-jnudazo[4,S-c]pyridin-4-ai^ 143.7-144.8 "C. 
Analysis: Calculated for C20H24M1O: %C, 71.40; %H, 7.19; %N, 16.65; Found: %C, 
71.36; %H, 7.10; %N, 16.74. 

NMR (300 MHz, DMSO-dfi) 8 7.30-7.33 (m, 4H), 7.20-7.25 (m, IH), 6.37 (d, J = 16.2 
Hz, IH), 6.20 (dt, J = 16.2, 5.3 Hz, IE), 5^62 (s, 2H), 4.46 (t, J = 5.3 Hz, 2H), 4,05 (dd, J = 

30 6.2, 1.2 Hz, 2H), 3.74 (t, J = 5.3 Hz, 2H), 2,51 (s, 3H), 2.36 (s, 3H), 2.28 (s, 3H) 
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Example 10 

2,6,7-Tiimethyl-l-[2-(3-pyridin-3-yIpropoxy)ethyl]-l^^ 



2- chloro-5,6-dimetliyl-3-mtro-N42<3-pyridm^ 

Anhydrous N,N-dimethylfonnaimde (200 ml), anhydrous txiethylamine (12.1 ml), 
and 2,4-dichloro-5,6-dimethyl-3-nitropyridine (16.05 g) were combined and 2-(3-pyridm- 

3- ylpiopoxy)ethylamine (14.4 g) was then added with stirring. The pale yellow reaction 
ntiixture was heated to 45 under a nitrogen atmosphere for 1 hour. HPLC analysis 
indicated that the reaction was sufficiently conq)lete to proceed. The reaction mixture was 
allowed to cool and the solvent was removed under reduced pressure. The resulting oil 
was dissolved in etibyl acetate and washed twice: once with a saturated aqueous solution of 
ammonium chloride and once with water. The organic layer was then extracted 3 times 
witii brine, dried with n:]Agaedumsul&te, and concenlt^^ The 
product was passed through a dlica gel column using 90/10 ethyl acetate/hexane as the 
eluant The resulting oil was dried under vacuum at 60 ^^C for 2 hours. NMRanalysis 
indicated sufficient purity for use of the product in the next step. 



2,3-^efhyl-5-nitro-6-phenoxy-N-[2<3-pyridin--3-ylpropoxy)ethy^ 

2-MethoxyethyI ether (diglyme) (50 ml) and sodium hydride (60% in oil) (5.77 g) 
w^e combined. Under a nitrogen atmosphere, a solution of phenol (13.58 g) and diglyme 
(250 ml) was added slowly over 10 minutes to allow for controlled gas evolution. 2- 
cUoro-5,6-dimethyl-3-nitro-N42-(3-pyridin-3-ylpropoxy)efhyl]^ (35.1 g) 

from Part A was then added and the reaction mixture Vas heated to 90 °C. ARer 1.25 




o 




Part A 



PartB 
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hours, the reaction mixture clouded and the temperature was increased to 1 10 **C. After an 
additional 3,75 hours, HPLXJ and TLC analysis indicated the reaction was complete. The 
reaction mixture was cooled and the solvent was removed under reduced pressure. The 
resulting oil was dissolved in ethyl acetate and washed once with 20% potassium 

5 hydroxide, once with IN potassium hydroxide, 3 tunes with water, and 3 times with brine. 
The combined organic lay^ were dried with magnesium sulfate and concentrated under 
reduced pressure. The residue was purified by flash chromatogrsqphy ov^ silica, eluting 
with 90/10 eth^ acetate/hexane. The fi:actions containing purified product were 
concentrated under reduced pressure and dried under vacuum at 70 overnight NMR 

10 analysis of the resulting yellow oil indicated sufiSdent purity for use of tiie product in the 
next st^. 
Parte 

5,6-dimethyl-2-phenoxy-N^-[2-(3-pyridin-3-ylpropoxy)ethyl]pyridine-^ 

Under a nitrogen atmosphere, a solution of 2,3-dimethyl-5-nitro-6-phenoxy-N-[2- 

1 5 (3-pyridin-3-ylpropoxy)ethyl]pyridin-4-amine (27.1 g) in toluene (300 ml) was added to a 
Parr hydrogenation flask containing 5% platinum on carbon (10 g). After 4 hours at a 
hydrogen pressure of 207 kPa, the reaction was judged complete by HPLC and TLC 
analysis. The molecular weight and structure of the product were confirmed by LC/MS 
and NMR analysis, respectively. The reaction mixture was filtered through filter paper, 

20 Celite™, and magnesium sul£ate. The filtrate was used in the next step. 
PartD 

2,6J-trimethyl-4-phenoxy-l-[2-(3-pyridin-3-ylpropoxy)ethyl]-lJy^ 
A solution of 5,6Hlimetiiyl-2-phmoxy-N^-[2-(3-pyridin-3- 
y]propoxy)ethyl]pyridine-3,4-diamine (12 g) in tolume (300 ml) from Part C was 

25 combmed witii pyridine HCl (0.08 g) and triethyl orthoacetate (8.4 ml). Under a nitrogeu 
atmosphere, tiie reaction mixture was heated to reflux (99 ^C) for 1.5 hours. TLC and 
HPLC analysis mdicated that the reaction was coniplete. The solvent was removed under 
reduced pressure. The resultiiigyeUow oil was dissolved in dicUoromethane and washed 
once with saturated potassium carbonate, 3 times with water, and 3 times with brine. The 

30 combined organic layers were dried with magnesium sulj&te and concentrated under 
reduced pressure. The resulting yellow oil darkened slighfly after being dried under 
vacuum at 70 "^C overnight The product was purified by column chromatography over 
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sdlica using 95/5 efhyl acetateAnethanol as the eluant The ptoduct was dried and then 
triturated with diethyl ether to yield a white solid that was dried under vacuum at 80 **C 
overnight. NMR analysis of the dried solid indicated a pure product 
PartE 

5 2,6,7-triinefliyl-l "[2-<3-p3nidin-3-ylpropoxy)ethyl]-ljEf-inudazo[4,5-^]p 

Under a nitrogen atmosphere, 2,6,7-trimethyl-4-phenoxy-l-[2-(3-pyridin-3- 
ylpropoxy)e1hyl]-l-ff-miidazo[4,5-c]pyridine (4 g) firom Part D and ammonium acetate (40 
g) were heated in a sealed tube to ISO ^C. After 46.5 hours, IMR analysis indicated that 
only 7% of the starting material remained The reaction mixtore was cooled to ambient 

10 temperature, diluted with ethyl acetate^ and washed 3 times with IN potassium hydroxide 
and once wilh water. Ilieorgaiuo layers were dried with magnesium sul&te and 
concentrated under reduced pressure. The resulting oil was triturated with 90/10 die&yl 
elher/toluene and the filtered solids were dried under vacuum at 45 The pale yellow 
solid was dissolved in 10% hydrochloric acid and extracted 3 times with dichloromethane 

15 (DCM). Potassium hydroxide was added to the aqueous layer to bring the pH to 14, and 
this was subsequently washed 3 times with DCNL The combined organic layers were 
washed once wilh water, 3 times wi& brine, dried with magnesium sulfate, aind 
concentrated under reduced pressure. The oil was purified by column chronMtography 
over silica using 97/3 DCM/methanol as the eluant The oil was then triturated with 

20 diethyl ether/toluene and the resulting solid was recrystallized &om ethyl acetate/hexane to 
yield 2,6,7-tiimethyl-l-[2-<3-pyridin-3-ylpropoxy)ethyl]-l/f-^ 
amine, m.p, 108.6 - 109.5 ^C. 

Analysis: Calculated for Ci^HjsNsO: %C, 65.49; %H, 7.52; %H, 20.10 
Found: %C, 65.69; %H, 7.58; %N, 20.36. 
25 NMR (300 MHz, DMSO-ds) 5 8.36 (dd, J = 61\ 4.7 Hz, IH), 8.30 (d, J = 1.9, 1H>, 
7.38 (dt, J- 8.1, 1.9 Hz, IH), 7.21 (dd, J - 7.8, 4.7 Hz, IH), 5.78 (s, 2H), 4.44 (t, J - 5.3 
Hz, 2H), 3.66 (t, J = 5.3 Hz, 2H), 3.29 (t, J 6.2 Hz, 2H), 2.51 (s, 3H), 2.46 (t, J - 8.1 Hz, 
2H), 236 (s, 3H), 2.31 (s, 3H), 1.70 (p, J = 7.0 Hz, 2H) 
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Example 11 

2-<Etiioxytnethyl)-6J--dimethyl-l-[2-(3-pyri^^ 
c]pyridin-4-aniine 




5 

Part A 

2-<ethox3methyl)-6,7-dimethyl-4-phenoxy-l-^^ 
imidazo[4,S-c]pyridme 

A solution of 5,6KJimethyl-2-phenoxy-N*-[2-(3-pyridin-3- 

10 ylpiopoxy)ethyllpyridi]ie-3,4-dia!iim (12 g) in toluene (300 ml) fiom Fart C of Example 
10 was concentrated under pressure to yield a pale yellow liquid. Under a nitrogen 
atmosphere, this product was combined with anhydrous pyridine (100 ml) and pyridine 
HCl (0.08 g) and the reaction mixture was cooled to 0 in an ice bath. Ethoxyacetyl 
chloride was added drop wise to the reaction mixture over 5 mmutes^ which induced the 

15 formation of a precipitate and changed the color of the solution from clear to pale yellow. 
After 30 minutes, TLC and HPLC analysis indicated the reaction was complete. The 
reaction mixture was gently heated to reflux (100 °C) for 17.5 hours under a nitrogen 
atmosphere. The mixture was allowed to cool and was then concentrated under reduced 
pressure. The oil was dissolved in ethyl acetate and washed once with saturated potassium 

20 carbonate, 3 times with water, and 3 times with brine. The brownish red organic layer was 
purified by column chromatogre^hy over silica using ethyl acetate as the eluant The 
resulting oil was triturated with diethyl ether^W dried ^ NMRand 
LC/MS analysis indicated sufficient purity for use of tiie product in the next step. 

% 

158 



wo 03/103584 



PCT/US03/17659 



PartB 

2<ethoxjinethyl)-6,7-dimethyl-l-[2K3-pyridi^^ 
c3pyridm-4-aiiiine 

Under a nitrogen atmosphere, 2-(ethoxymethyl)-6J--dimethyl-4-phenoxy-l-[2-(3- 
5 pyridin-3-ylpropoxy)ethyl]-l^^ilnida2o[4,5-^]py^^ (4.6 g) from Part A and anunoniim 
acetate (46 g) were heated in a sealed tube to 150 After 65 hours, NMR analysis 
indicated that the reaction was con^lete. The reaction mixture was cooled to ambient 
temperature, dissolved in ethyl acetate, and washed 3 times with IN potassium hydroxide 
and once with water. The orgaoic layers were dried with magnesium sul&te and 

10 concentrated under reduced pressure. The resulting residue was dissolved in 10% 
hydrochloric add and washed 3 times with dichloromethane (DC9^. Potassium 
hydroxide was added to the aqueous layer to bring the pH to 14, and this was subsequently 
washed 4 times with DCM. The combined or^nic layers were washed twice with wat^, 
twice with brine, dried with magnesium sul&te, and concentrated under reduced pressure, 

15 The oil was purified by column chromatography over silica using 98/2 DCM/methanol as 
the eluant The oil was then triturated with ethyl acetate/hexane and the resulting solid 
was recrystallized from elhyl acetate/hexane to yield 2-(ethoxymethyl>6,7-dimethyH-[2- 
(3-pyridin-3"ylpropoxy)e%l]-ljy-imidazo[4,5-<:]pyridin-4-a^ as a white solid, m.p. 
78.0-78.5 °a 

20 Analysis: Calculated for C21H29N5O2: %C, 65.77; %H, 7.62; %N, 18^6 

Found: %C, 65.74; %H, 7.83; %N, 18.31. 

NMR (300 MHz, DMSO-de) 5 8.36 (dd, J = 3.1, 1.9 Hz, IH), 8.30 (d, J - 1.9, IH), 

7.39 (dt, J= 8.1, 1.9 Hz, IH), 7.22 (dd, J - 7.5, 5.0 Hz, IH), 5.81 (s, 2H), 4.70 (s, 2H), 4.55 

(t, J = 5.3 Hz, 2H), 3.69 (t, J - 5.6 Hi; 2H), 3.50 (q, J « 6.8 Hz, 3.30 (t, J = 
25 2H), 2.46 (t, J - 7.8 Hz, 2H), 2.39 (s, 3H), 2.31 (s, 3H), 1.70 (q, J = 6,9 Hz, 2H), 1.13 (t, J 

= 6.9Hz,3H) 
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Bxsaaaple 12 j 
2,6J-Trimethyl-l-[S<meffa^tUo)peiityl]-l^-iim 

1 




5 Part A 

Amixtm^ of 2,4-dihydroxy«5,6-dimethy^ (245 g, 1.33 mol) and 

phosphorous oxychloride (2.2 L) was heated at 85 ®C overnight The bulk of the 
phosphorous oxychloride (1 .75 L) was removed under reduced pressure to provide a black 
oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice batii to 

10 S^'C. The resulting tan precipitate was isolated by filtration, dissolved in dichloromefhane 
(-^3 L) and filtered to remove some black solids. The filtrate was washed with 10% 
sodium carbonate and brine, dried over magnesium sul&te and then concentrated under 
reduced pressure to provide 272 g of a lig^t tan solid. This solid was recrystallized^fix>m 
heptane (2,5 mL/g) to provide 248 g of 2,4-dichloro-5,6-dimethyi-3-nitropyridinfe as large 

15 amber rods. > 
PartB ;Vi 
A solution of S-amino-l-peutanol (28.03 g, 271.4 nmol) in N,N* ' 
dimethylformamide (200 mL) was added over a periodof 45 minutes to a solutic^ of 2,4- 
dichloro-S,6-dimethyl-3-nitropyrid]n6 (60.01 g, 271.4 mmol) inN^N-dimethylformamide. 

20 The reaction was stirred ovemi^t and then the N,N-dunethylfonnamide was removed by 
vacuum distillation. The residue was dissolved in ethyi acetate (500 mL), washed with 
water (4 x 75 mL), dried over magnesium sulfete and flien concentrated under reduced 
pressure. The crude product was dissolved in hot ethyl acetate (400 mL). Hexanewas 
added until a clear solution was obtaiaed then the mixture was allowed to cool to ambient 

25 temperature. The resulting precipitate was isolated by filtration and washed with cold 
hexane to provide 26. 87 g of 5-[(2-cWoro-5,6--dimelhyl-3-mtropyridin-4-yl)arQino]pen^ 
l-ol as a solid. An additional 4.41 g was isolated tiom the filtrate. 
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Parte 

Sodium hydride (6.63 g of 60%, 166 mmol) was added to chilled (0°C) anhydrous 
tetrahydrofiiran (200 mL) and the mixture was allowed to stir for 1 5 mmutes. A solution 
of phenol (15.07 g, 160 mmol) in tetrahydrofuran (150 mL) was added dropwise over a 
5 period of 1 hour. A solution of 5-[(2<ihloro-5,6-dimefhyl-3--mtropyridin-4- 

yl)amino]pex]tan-l-ol (31.723 g, 1 10 mmol) in tetrahydrofuran (ISO mL) was added 
dropwise over a p^od of 30 ntimutes while maintaining the reaction temperature at O^C. 
The reaction mixture was allowed to warm to ambient temperature and then it was heated 
at reflux overnight. Analysis by Urn layer chromatogr^hy indicated that the reaction was 

10 50-60% complete. An additional equivalent of phenoxide was prepared and added to tibie 
reaction mixture at ambient tenq>erature; fbm the reaction mixture was heated at reflux 
ovemi^t The reaction mixture was conc^itrated under reduced pressure. The residue 
was dissolved in ethyl acetate (300 mL); washed sequentially with water (2 X 50 mL), 5% 
sodium hydroxide (2 x 50 mL)) and IN sodium hydroxide (2 x 50 mL); dried over 

15 magnesium sulfate and then concentrated under reduced pressure. The residue was 
divided into two portions and purified by column chromatography (450 g of siKca gel 
eluting witii 1:1 hexanesrethyl acetate to 1:3 hexanes:ethyl acetate) to provide 38.13 g of 
5-[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)ainino]pentan-l^ 
PartD 

20 Thionyl chloride (10.72 mL, 147 mmol) was added dropwise to a mixture of 5- 

[(2,3-dimetiiyl-5-nitn>-^-phenoxypyridin-4-yl)amino]pent^ (34.0 g, 98 romol) and 
dichloromefhane (250 mL). The reaction mixture was heated at reflux for 2 hours and 
then it was placed in an ice bath and qumched with wator. The reaction mixture was 
concentrated under reduced pressure. The residue was combined with water (300 mL). 

25 Solid sodium Ucaibonate was slowly added to pH 10; then the mixture was extracted with 
ethyl acetate (250 mL). The extract was washed sequentially with saturated sodium 
bicarixmate (2 x 100 mL) and brine (1 x 100 mL)^ dried nver magtipjai^ jgiilfnt^ a^H thai 
concentrated under reduced pressure to pro'^de 30.96 g of J^-(5-cbloropentyl)-2,3~ 
dimethyi-5-iutro-6-phenoxypyridinr4-amuie. 

30 PartB 

A solution of A^-(5-chloropentyl)-2,3-dimethyl-5-mtro-6-phenoxypyridin-^ 
(30.86 g, 85 mmol) in toluene (200 mL) was added to a Parr vessel containing a mixture of 
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5% platinum on carbon (25.24 g) and toluene (100 mL). The vessel was placed under 
hydrogen pressure (30 psi, 2,0 X 10^ Pa) and allowed to shake overiight The reaction 
mixture was filtered flirough a layer of Celite® filter aid. The filtrate was concentrated 
under reduced pressure to provide 24.97 g of A/*-(5-chloropentyl)-5,6-dimethyl-2- 
5 phenoxypyridine-3,4-diamine as a thick off white oil. 
PartF 

Pyridine hydrochloride (2 g) and trimefhyl orthoacetate (10.5 mL, 82 mmol) were 
added to a solution of iS^<5<;Uoropentyl>5,6-dimethyl-2-phenoxypyridine-3,4-^^ 
(24.97 g, 75 mmol) in anhydrous tetrahydro&ran (200 mL). The reaction mixture was 

10 heated at reflux for 25 hours, cooled to ambient temperature and then concentrated under 
reduced pressure. The residue was dissolved in hot ethyl acetate, titrated with hCTanes and 
then cooled. The resulting precipitate was isolated by filtration and then it was dissolved 
in ethyl acetate (300 mL), washed with water (2 x 100 mL) and with brine (1 x 100 mL), 
dried over magnesium sulfate and then concentrated under reduced pressure to provide 

15 21.09 g of l-(5-cMoropentyl>2,6,7-trimethyl-4-phenoxy-liy-imid^ 
PartG 

Sodium thiomelhoxide (1.5 g, 21 mmol) was added to a solution of l-(5- 
cUoropentyi)-2,6,7-trimethyl-4-phenoxy-Lfir-imida2»K^ (7.00 g, 19 mmol) in 

anhydrous N,N-dimefliylformamide (80 mL). The reaction mixture was stirred at ambient 
20 tCTiperature for 1.5 hours, tiim it as quenched with water and extracted With ethyl acetate 
(250mL). The ©rtract was washed with water (5 X 50 naL), dried over magnesium su^ 
and then concentrated vaxdsr reduced pressure to provide 6.73 g of 2,6,7-trimettiyH-[5- 
(methylfhio)pentyl]-4-phenoxy-lJy-imidazo[4,5K:]pyridme. 
PartH 

25 Ammonium acetate (25 g) and 2,6,7-trimethyl-l-[5-(methylfhio)penlyl]-4- 

phenoxy-lff-imidazo[4,5-c]pyridine (2.75 g, 7.45 mmol) were combined and heated at 
160°C overnight The reaction mixture was cooled to 0°C and then diluted with water (50 
mL). The pH was adjusted to >13 with 15% sodium hydroxide and then the mixture was 
extracted with chloroform (2 x 100 mL). The combined extracts were dried over 

30 magnesium sulfite and then concentrated under reduced pressure. The residue was 

purified on deactivated silica gel (triethylamine) elutmg with 2% methanol in chloroform 
and then recrystallized from ethyl acetate/hexanes to provide 1.089 g of 2,6,7-trimethyl-l- 
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(5<methyltMo)pentyl]-lH-iim(iazo[4,5-c]pyridm-4^ as an off white soUd, m.p. 121- 
122°C. 

Analysis: Calculated for C15H24N4S: %C. 61.61; %H, 827; %N. 19.16; Found: %C, 61.40; 
%H, 8.43; %N, 18.92. 

5 

Example 13 

2A7-Tiimefcyl4H[5-(pheaylthio)pentyl]-lH-inddazo[4,5^^ 




10 PartA 

Benzenettiiol (2.42 mL, 23.6 mmol) was added diopwise to a suspension of sodium 
hydride (0.944 g of 60%, 23.6 mmol) in anhydrous N^N-dimethylfomMmide (50 mL) and 
stixred until a clear sohition was obtained. A solution of l-(5-chloropentyl>2,6,7- 
trimethyl-4-phenoxy-lH-inudazo[4,5-c]pyridine (6.5 g, 18.2 mmol) in anhydrous N,N- 
15 dimethylfimnamide (50 mL) was added dtopwise. The reaction mixture was stined at 
ambient temperature for 2 hours, then it was quenched with water and extracted with ethyl 
acetate (300 mL). The extract was washed with water (5 x 75 mL). dried over magnesium 
sulfite and then concentrated under reduced pressure to provide 7.20 g of 2,6,7-trimethyl- 
4-phenDxy-l-[5-(phenyitliio)pentyl]-lH-imidazo[4.5-c]pyridine. 

20 PartB 

Ammonium acetate (25 g) and 2,6,7-trimethyl-4-phenoxy-l-[5- 
(phenylthio)pentyl]-lH-imidazo[4,5-c]pyridine (2.50 g, 5.80 mmol) were combined and 
heated at 160°C in a sealed tube for 2 days. The reaction mixture was cooled to ambient 
tranpeiature and diluted with water (100 mL). Sodium hydroxide (1 5%) was added and 
25 themixtarewasextractedwithchlorofoim(2xl50mL). The combined extracts were 
dried over magnesium sulfate and flien concentrated under reduced pressure. The residue 
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was purified by colmxm chicmatography (silica gel eluting with 2% mefhanol in 
chloroform) followed by recrystallization from methanol/dicihloiomethane/hexanes to 
provide 2,6 J-trimefhyl-l-[5^phea34thio)pentyl]-lH-u^ as an 

oflf white powder, m.p. 181-183**a 
5 Analysis: Calculated for C2(iH26N4S: %C, 67.76; %H, 7.39; %N, 15.8; Found: %C, 67.41; 
%H, 7.53; %N, 15-54. 

Example 14 

l-[2-(2-Aminoelhoxy)ethyl]-2,6,7-trime1hyl-lfr-iniidazo[^^ 




PartA 

Under a nitrogen atmosphere, a solution of 2-(2-anunoe1hoxy)bthanol (27.8 mL, 
277 nunol) in tetrahydrofuran (180 mL) was cooled to O^C. Sodium hydroxide (140 mL 

15 of 2N) was added. A solution of di-r^-butyl dicarbonate (60.27 g, 277 mmol) in 

tetrahydrofuran (1 80 mL) was added dropwise over a period of 1 hour with r^id stirring. 
Ihe reaction was aUowed to wann to ambient tenq>erature and stir ovem The 
tetrahydrofuran was removed under reduced pressure. The pHofthe resulting slurry was 
adjusted to -3 by adding sulfuric arid (150 mL of IM). The mixture was extracted with 

20 eth]4 acetate (6 X 100 noL). The combined extracts were washed with water (2 x 100 mL) 
and brine (1 X 100 inL), dried over magnesium sul&te and then concentrated 
reduced pressure to provide 48.53 g of ^erf-butyl 2-<2-hydroxyethoxy)eth3dcarbamate as a 
colorless oil. 
PartB 

25 Under a nitrogen atmosphere, a solution of ^ert-butyl 2-(2- 

hydroxye1hoxy)ethyIcarbamate (48.53 g, 236 mmol) in anhydrous dichloromethane (1 L) 
was cooled to O^C. Triethylamine (49.4 mL, 354 mmol)) was added. Methanesulfonyl 
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chloride (20. 10 mL, 260 mmol) was added dropwise over a period of 10 minutes. The 
reaction was allowed to warm to ambient traiperature and stir overnight. The reaction was 
quenched with saturated sodium bicarbonate solution (500 mL). The organic layer was 
washed witii water (3 x 500 mL) and brine (1 x 500 mL), dried over sodium sulfate and 
5 fhm concentrated und^ reduced pressure to provide 66^9 g of 2- {2-[(reft- 
butoxyca]tonyl)amino]ethoxy}ethyl mefhanesutfonate as a brown oiL 
Parte 

Sodium azide (16.8 g, 259 mmol) was added to a solution of 2-{2*[(/^- 
butoxycarbonyl)amino]6thoxy}ethyl methanesulfonate (66.9 & 236 mmol) inN,N- 

10 dim€thylfonnamide(400mL). The reaction was heated at PO^'C&rLS hours. The 

reaction mixture was allowed to cool to ambient tenq>erahue» diluted with cold water (500 
niL) and fhm extracted with diethyl ethe^ The combined extracts were 

washed with water (4 x 1 00 mL) and brine (1 x 200 mL), dried ov^ magnesium sul&te 
and tiien concentrated under reduced pressure to provide 52 g of ^err-butyl 2-(2- 

15 a2idoethoxy)ethylcarbanGiat6* 
PartD 

A solution of tertAyntyl 2-<2-a2idoethoxy)efhylcari>amate (52 g, 226 mmol) in 
metiianol (500 mL) was added to a Parr vessel containing 10% palladium on carbon (4 g) 
which had been wetted with toluene (30 mL). The mixture was placed under hydrogen 

20 pressure (30 psi; 2.0 X 10^ Pa). After 18.5 hours analysis by thin layer chromatogr^hy 
indicated that the reaction was not complete. Catalyst (0.5 g) was added and the 
hydrogenation was continued for an additional 4 hours. The reaction mixture was filtered 
through a layer of Celite® filter aid and a gjass wool filter pad. The filter cake was rinsed 
with a mixture of isopropanol and methanol. The filtrate was concentrated under reduced 

25 pressure to provide tert-hutyl 2-{2-ammoetiioxy)etiiylcaebamate. 
PartE 

Amixture of 2,4^1ihydmxy-5,6-dimethyl-3-nitii^ (245 g, 1.33 mol) and 
phosphorous oxychloride (2.2 L) was heated at 85''C overnight The bulk of the 
phosphorous oxychloride (1 .75 L) was removed undo: reduced pressure to provide a black 
30 oil. The oil was poured into water (2.5 L) and the mixture was cooled in an ice bath to 
5**C. The resulting tan precipitate was isolated by filtration, dissolved in dichloromethane 
(-3 L) and filtered to remove some black solids. The filtrate was washed with 10% 
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sodilun caibonate and brine, dried over magnesiimi sul&te and thea concentrated under 
reduced pressure to provide 272 gofa fight tan solid. This soKd was recrystallizedfiwm 
hq)tane (2.5 mL/g) to provide 248 g of 2,4-dicUoro-5,6-diniethyl-3-nitropyridine as large 
amber rods. 
5 PartF 

Under a nitrogen atmosphere, a solution ottert-butyl 2-(2- 
animoeflioxy)ethylcart)amate (23.1 g, 113 mmol) inN,N-dimelhylformamide (100 mL) 
was added over a 1 hour period to a sohition of 2,4-dichloio-5,(J-dimefliyl-3-mtropyridine 
(25.02 g, 1 13 nunol) in NJ^I-dimeth}dfonnamide (400 mL) containing trieth^damine (24 

10 mU 175 mmol). Ilie reaction mixture was allowed to stir at ambient temperature 
overnight. The NJ^-^imethylforniamide was removed under reduced pre^ The 
residue was dissolved in ethyl acetate (500 mL), washed with water (3 x 100 ml), dried 
over magnesium sulfate, and then concentrated under reduced pressure. The residue was 
purified by column chromatography (450 g of silica gel eluting sequentially with 3/1 

15 hexanes/ethyl acetate (1 .2 L), 2/1 hexanes/ethyl acetate (1 .2 L), and 1/1 hexanes/ethyl 

acetate (1 L)) to provide 20,67 g of terf-butyl 2-{2-[(2-chloro.5,6-dimethyl-3-nitropyridin- 

4-yl)amino]ethoxy}ethylcarbamate. 

PartG 

Phenol (5.33 g, 56.63 mmoQ was added in small portions over a period of 10 
20 minutes to a chilled (0**) suspension of sodium hydride (2.39 g of 60%, 59.75 mmol) in 
anhydrous tetrahydrofuran (100 mL). After the addition was compldtc, fiie reaction was 
allowed to stir at 0** for 30 minutes. A sohition fert-butyl 2-{2-[(2-chloK)-5,6-dimelh)d-3- 
nitropyridinr4-yl)amino]ethoxy}efliylcaibamate (20.67 g, 53.16 mmol) in tetrahydrofuran 
(100 mL) was added over a period of 1 hour while maiTitflifiing the tempemture at 0**C. 
25 Hie ice bafh was removed and tiie reaction mixture was heated to reflux. At 46 and 52 
hours additioiud ftesh sodium phenoxide (1 1.3 mmol) was added. Refluxing was 
continued for 2 hours after the second additioiL The reaction mixture was diluted with 
ethyl acetate (500 mL); washed sequentially with water (3 x 100 mL), IN sodium 
hydroxide (2 x 100 mL), and brine; dried over magnesium sulfete and then concentrated 
30 under reduced pressure. The residue was purified by column chromatography (450 g of 
silica gel eluting with 1/1 hexanes/ethyl acetate) to provide 19.85 g of te?*-butyl 2-{2- 
[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)amino]e1hoxy}ethylcarbam 
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PartH 

A solution of of ^^^-butyl 2-{2-[(23-dime%l-5-iutro-6-phenoxyp)ridin-4- 
yl)ainino]e1iioxy}efhylcaAamate (15.34 g, 34.35 mmol) in absolute ethanol (500 mL) was 
combined with 5% platinum on carbon (12.02 g) in a Parr vessel and placed under 

5 hydrogen pressure ovemigihL The reaction mixture was filtered throng a layer of Celite® 
filter aid. The filtrate was concentrated under reduced pressure. ITie resulting residue was 
purified by column chromatography (250 g of silica gel elutmg with 1/1 ethyl 
acetatc/hexanes) to provide 1L21 g of tert-butjd 2-{2-[(3-amino-5,6-dimethyl--2- 
phenoxypyridin-4-]d)amino]etfaoxy}elhylcarbamate. 

10 Parti 

Trime&yl orthoacetate (3.55 ml^ 2i27 mmol), tert-butyl 2-{2-[(3-amino-5,6- 
d]melhyl-2-phenoxypyridm-4-yl)amino]e(hoxy}etfaylcarb (11.21 g, 26.92 mmol), 
pyridine hydrochloride (1.12 g) and tolume (120 mL) were combined and heated at reflux 
for 2.5 hours. The reaction mixture was cojicentrated under reduced p^ The residue 
15 was dissolved in ethyl acetate (300 mL), washed with water (3 x 100 mL) and brine (1 x 
100 mL), dried over magnesium sulfite and then concentrated under reduced pressure to 
provide 9.85 g oftert-hutyl 2-[2<2,6,7-trimethyl-4-phenoxy-lir-nnidazo[4,5-c]pyridin-l^ 
yl)ethoxy]ethylcarbamate. 
PartJ 

20 A mixture of ammonium acetate (100 g) and tert-hutyl 2-[2-(2,6,7-trimethyl-4- 

phenoxy-li^unidazo[4,5-c]pyridin4-yl)ethoxy]ethylcaibamate (9.85 g) was heated at 
160**C for 18.5 hours. The reaction mixture was diluted with water (100 mL), made basic 
(pH 13) with 15% sodium hydroxide (160 mL), saturated with sodium chloride and fhm 
extracted with chloroform (9 X 100 mL). The combined esctracts ware dried over 

25 magnesium sulfate and then concentrated under reduced pressure. Analysis by hi^ 
performance liquid chromatography and NMR showed that the residue contained about 
13% of N-{2-[2,6,7-trimethyl-4-phenxoy-lir-imidazo[4,5-c]pyri^ 
yl)efhoxy]ethyl}acetamide. The residue was combined with ammonium acetate (71 g) in a 
pressure vessel and heated at leO'^C for 20 hours. The reaction was worked up as before. 

30 Residual ammonium acetate was removed by sublimation O^igh vacuum at 35®C) to 
provide 7.36 g of N-{2"[4-anaino-2,6,7-trimethyl-lJy-inudazo[4,5-c]pyridin-l- 
yl)ethoxy]ethyl}acetamide. 
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PartK 

N- {2-[4-aimno-2,6 J-trimethyl-liT-iimdaOT 
yl)ethoxy]etiiyl}acetamide (7.36 g), conceatrated hydrochloric acid (45 mL) and absolute 
etlmol (100 inL) were conobined and heated at 9^^ After 26.5 hours additional 
5 conceatrated hydrochloric add (2 mL) was added* The reaction was stopped after 29 
hours and concentrated under reduced pressure. In order to remove excess hydrochloric 
add, the residue was twice diluted with e&anol (100 mL) and concentrated under reduced 
pressure. The residue was dissolved in water (100 mL) and washed with chloroform (3 x 
50 mL). The aqueous layer was adjusted to pH 2:12 with 15% sodium hydroxide, 

10 saturated wifli soHd sodium chloride and then extracted with chlorofoim (9 x 100 mL). 
The combined extracts were dried over magnesiimi sulfate and then concentrated under 
reduced pressure. The residue was puriJBed by colinnn chromatography (100 g of siUca 
gel eluting with 4% methanol in chloroform containing 1 % triethylamine) to provide 4.18 
g of l-[2-(2-aniinoethoxy)ethyl]-2,6,7-trimethyl-li?-inddazo[4,5-^^^ as a 

15 white powder, m.p. 130-133°a 

Analysis: Calculated for C13H21N5O • 0.03 HCk %C, 59.05; %H, 8,01; %N, 26.48; Found: 
%C, 58.70; %H, 7.99; %N, 26.37. 

NMR (300 MHz, CDCI3) 5 4.79 (s, 2 H), 4.43 (t, J = 5.6 Hz, 2 H), 3.75 (t, J = 5.3 Hz, 2 
H), 3.38 (t, J = 5.3 Hz, 2 H), 2.78 (t, J= 5.3 Hz, 2 H), 2.59 (s, 3 H), 2.43 (d, J = 6.9 Hz, 6 

20 H),1.07(bs,2H); 

MS(CI)m/e264(M+H) 
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Example IS 

iV^{2-[2<4-Aimno-2,6J-trime(hyl-lfl^iimdazo[4,5-c]pyri 
yl)ethoxy]ethyl}moipholiiie-4-carboxamide 




O 

5 

Under a nitrogen atmosphere, 4-morpholmecaibonyl chloride (370 |iL) was added 
to asoluticmof l-[2-<2-aniinoelhoxy)ethyl]-2A7-trimethyl4if-imidazo[4,5-c]pyrid^ 

amine (a.757 g) in chloiofoim (1 1 mL) and triettiylamme (520 pL). The reaction mixture 
was stined at ambient ten^oratuie for about 3 hours; then it was dihited with chlorofimn 

10 (20 mL) and washed with saturated sodium bicarbonate solution. The organic layer was 
dried over magnesium sul&teaiul concentrated undar reduced pressure. The crude 
product was recrystallized fix)m acetonitrile and dried in a vacuum oven at dO'C for 24 
hours to provide 0.7014 g of JV^{2-[2-(4-amino-2,6J-trimethyl-lH-imida2»[4,5-c]pyridin- 
l-yl)efhoxy]ethyl}morpholine-4-caiboxamide as a white powder, m.p. 205-207**C. 

15 Analysis: Calculated for CigHagNfiCb • 0.05 HCl: %C. 57.15; %H, 7.47; %N, 22.22; ' 
Fovmd: %C, 56.75; %H, 7.47; %N, 21.98. 

^HNMR(300MHz,CDa3)54.80(s,2H), 4.45 (t, J = 5.3 Hz, 2 H), 4.30 (s, 1 H),3.^5 (t, 
J = 4.9 Hz, 2 H), 3.62 (t, J = 4.9 Hz, 4 H), 3.44 (t, J = 4.7 Hz, 2 H), 3.34 (m, 2 H), 3.09 (t, J 
= 4.7 Hz, 4 H), 2.57 (s. 3 H), 2.43 (d, J = 3.1 Hz. 6 H); 
20 MS(CI)m/e377(M+H) 
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Example 16 

iV^{2-[2<4-AixmK)-2A7-tdmet^^^^ 




Under a mtrogea atmosphere, isobutyi^d chloride (330 pli, 3.15 mmol) was added 

to a solution of l-[2-(2-ammoe£hoxy)elhyl]-2,6 J-trimeft^ 

amine (0J57 g» 2.87S mmol) in chloiofomi (1 1 mL) and tdetfajiamine (520 pJU 3.78 

imnol). The reaction mixture was stined at ambient temper^^ 
10 was diluted with chloroform (20 mL) and washed with saturated sodium bicaibonate 

solution. The organic layer was dried over magnesium sulfate and concentrated under 

reduced pressure. The residue was purified by column chromatography (10 g of silica gel 

eluting with 2% methanol in chloroform containing 0.5% triefbylamine) to provide 0,3486 

gof^'-{2-[2<4-amino-2,6,7-1rimethyl-l/^-imidazo[4>c]^ 
15 methylpropanamide as a solid, m.p. 179.5-182^C. 

Analysis: Calculated for C17H27N5Q2 • 0.06 HCl: %C, 60.84; %H, 8.13; %N, 20.87; 

Found: %C, 60.67- %H. 7.89; %N, 20.57. 

^HNMR (300 MHz, CDCh) 8 5.23 (bs, 1 H), 4.93 (bs, 2 H), 4.44 (t, J = 5.3 Hz, 2 H), 3.74 
(t, J = 5.6 Hz, 2 H), 3.42 (t, J « 5.3 Hz, 2 H5, 3.32 (m, 2 H), 2.58 (s, 3 H), 2.44 (d, J - 8.1 
20 Hz, 6 H), 2. 15 (quintet, J « 6.7 Hz, 1 H), 1.04 (d, J = 6.8 Hz, 6 H); 
MS(CI)m/e334(M+H). 

In the examples below the compounds were purified either by preparative hig^ 
p^onnance liquid chromatography (Method A) or by flash chromatography (Method B). 
25 In Method A the compounds were purified by preparative high perfonnance Uquid 

chromatography using a Waters Fraction Lynx automated purification system. The prep 
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HPLC fractions were analyzed using a Micromass LC-TOFMS and the ^propriate 
fractions were combined and centrifUge evaporated to provide the trifluoroacetate salt of 
the desired compound Column: Phenomenex Luna CI 8(2), 21.2 x 50 mm, 10 micron 
particle size, lOOA pore; flow rate: 25 mL/min.; non-linear gradient elution from 5-95% B 
5 in 12 min, then hold at 95% B for 2 miru, where A is 0.05% trifluoroacetic acid/water and 
B is 0,05% trifluoroactic add/acetonitrile; fraction collection by mass-selective triggering. 

In Method B the compounds were purified by flash chronoiatography using a 4 g 
silica gel cartridge (RediSep, ISCO, 230-400 mesh, 625 cm x L27 cm diameter) attached 
to a gradirat pump system, 254 nm UV detector and fraction collector (ISCO CombiFlash 

10 SglOOc system). The column was equiUbrated with dicUorometfaane and tiie reaction 
znixture was injected onto the column. Themixturewaselutedat30niI7minute,wi1]ia 
gradient program consisting of 100% dichloromethane for 12 seconds, a Hnear gradient to 
10 % methanol/dichloromethane over 1 minute and holding at 10% 
methanol/dichloromethane to elute the desired conq)ound. Fractions were examined by 

IS thin lay^ chromatogrq>hy and those containing the desked confound were pooled and 
evaporated. In cases where the reaction mixtiupe was a suspension, the mixture was t^ 
with -125 mg of tris-(aminoethyl)amiae polystyrene (Argonaut PS-Trisamine, 3.85 
meq/g), shaken for several minutes and then filtered prior to injection into the column. 

20 Examples 17-32 

The compounds in the table below were prepared using the following method. The 
appropriate acid chloride (1.1 eq.) was added to a test tube containing a solution of l-[2- 
(2-aminoethoxy)ethyl]-2,6,7-trimethyl-lJy-imidazo[4,5-c]pyridin^ (25 mg) in 
chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 

25 ambient temperature overnight (^18 hours). The solvent was removed by vacuum 

centrifiigatioiL The table below shows the structure of tiie free base (confounds purified 
by Method A were isolated as trifluoroacetate salts), the obs^ed accurate mass and the 
purification method that was used for that particular confound. 
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o 


Example 
Number 


■'s 


Accurate Mass 
(observed) 


Purificatioii 
Me&od 


1 / 


butyl 


348.2391 


B 


1 Q 


phenyl 


368.2095 


B 


1 O 


'4 cyclohex^ 


374.2520 


B 


OA 

2U 


benzyl 


382.2239 


B 


21 


i. H^JUlUUll>pjJlMlljfl 

'■i' ^ 




a 


22 


2-thieiiylmefliyl 


388.1808 


B 


23 


^ 4-cyanophQiyl 


393.2031 


B 


24 


3-cyanoplienyl 


393.2025 


B 


25 


2-phOTylefh3^ 


396J2413 


B 


26 


3-methoxypheayl 


398.2194 


B 


27 


4-meliioxyplienyi 


398.2173 


B 


28 


2-chloro~5-pyridyl 


, 403.1654 


B 


29 


benzyloxytnediyl 


412.2364 


B 


30 


2-naphthyl 


418.2225 


B 


31 


3-trifluoromethylplienyl 


436.1938 


B 


32 


4-trifluQromethoxyphenyl 


452.1924 


B 
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Example 33 
(lii*^*)-JV-{2"[2<4-Ainino-2,6J-tri^ 

yl)ethoxy]ethyl}-2-phenylcyclopropanecaiboxaniide 




O 

Using the method of Examples 17 - 32, trans-2-phenylcyclopropylcarbonyl 
chloride was reacted with l.[2<2-aininoethoxy)ethyl]-2,6,7-trimethyl-lJy-u^ 
c]p)ridm-4-amine to provide the desired compoimi The product was purified using 
Methods. The observed accurate mass was 408.2392. 

Examples 34 -50 

The compounds in 'the table below were prq)ared using the following method. The 
appropriate sulfonyl chloride (1.1 eq.) was added to a test tube containing a solution of 1- 
[2<2-ammoethoxy)ethyl]-2,6,7-trimethy^U^•i^ 

chloroform (5 mL). The test tube was c^ped,vortexed and fliOT placed on a shaker at 
ambient tenq^eratore overnight (-18 hours). The solvent was removed by vacuum 
centrifii^on* The table below sfliows the structure of the ficee base (compounds puriJSed 
by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for tibat particular compound. 
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Exan^le 
Number 


Ra 


Accurate Mass 
(observed) 


Puiificatioii 
MeQiod 


34 


ethyl 


356.1729 


A 


35 


1-methylethyl 


370.1901 


A 


36 


butyl 


384.2092 


A 


37 


phenyl 


404.1767 


B 


38 


2-tbiea^ 


410.1327 


B 


39 


benzyl 


418.1900 ; 


A 


40 


3-fluoiopheayl 


422.1646 


B 


41 


4-cyaii(q>heD.^ 


, i 429.1709 


1 B 


42 


3-cyaaophenyl 


429.1704 


B 


43 


4-mett)ioxyphai^ 


. 434.1857 


U B 


44 


2,4-difluoiopheQyl 


440.1559 


B 


45 


1-iu^hthyl 


454.1910 




46 


2-n^httiyl 


454.1916 


B 


47 


4-tiiQ.uorometfaylpheayl 


472.1639 


A 


48 


4-bipheayl 


480.2050 


A 


49 


4-methylsulfonylpheayl 


482.1506 


A 


50 


4-trifluoiomdlioxyplieiiyl 


488.1624 


A 
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Example 51 

iV'-{2-[2<4-Ainmo-2,6,7-trimethyI^ 

dimethylsulfaimde 




Using the method of Examples 34 - 50, dimethyisulfionoyl chloride was reacted 
with l-[2-(2-aimnoethoxy)ethyl]-2,6 J-trimethyl-lH-imidazo[^ to 
provide the desired compound. The product was purified using Method A. The observed 
accurate mass was 371 . 1 861 , 

10 

Example 52 

N-{2-[2-(4-Ammo-2,6J-trimethyl-imidazo[4,5^3pyridu^^ 

dimethyl-2-oxo-bicyclo[2.2J]hept-l-yl)methanesulfonamide 




Using Ihe method of Examples 34 - 50, D«(+)-10-camphorsulfonyl chloride was 
reacted with l-[2-(2-aminoethoxy)ethyi]-2,6,7-trimethyl-l^r-imidazo[4,5w:^ 
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amme to pmvide the desired compoimd. The product was purified using Method A. The 
observed accurate mass was 478.2455. 

Example S3 

5 Ar-{2-[2-(4-Amino-2,6,7-trimethyl-lH-im^ 

(dimethylatiuno)phenyl]diaz6nyl}beiizeiiesi^^ 






















■j 




i 



Using fli^meiliod of Examples 34 - 50, 4Hlimethylaminoazobeixzeiie4*-sutfonyi 
10 chloride was reacted with l-[2<2-aniinoethoxy)ethyl]-2,6 J-trimethyl-lff-iipidaTO 
c]pyridin-4-amine to provide the desired compoimd. The product was purified using 
Method A. The observed accurate mass was 55 1 .255 L 

Examples 54 -68 

15 The compounds in the table below were prepared using the following method. The 

appropriate isocyanate (1 .1 eq.) was added to a test tube containing a solution of I-[2-(2- 
amiaoelhoxy)ethyl]-2,6,7-trime%l-l^r-inudazo[4,5-c^^ (25 mg) in 

chloroform (5 naL). The test tube was cspped^ vortexed and then placed on a shaker at 
ambient temperature overnight (-18 hours). The solvent was removed by vacuum 

20 cwtrifagation. The table below shows the structure of the free base (compounds purified 
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by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification method that was used for that particular compound. 



NHa 


Exaiiq>le 
Number 


R. 


Accurate Mass 
(observed) 


Purification 
Method 


54 


l-mecDyietayi 




D 


55 


1,1-dimefliylethyi 


363^506 


B 


56 


butyl 


363^511 


B 


57 


phenyl 


383.2200 


B 


58 


cyclohexyl 


389.2638 


A 


59 


ethoxycarbonyknethyl 


393.2236 


A 


60 


3-cyanophenyl 


408.2141 


A 


61 


S-methoxyphenyl 


4132319 


A 


62 


3-acetylphenyl 


425.2293 


A 


63 


4-(dimefhylamin0)phaiyl 


426.2644 


A 


64 


3-(mefh}dthio}pheayl 


429.2057 


A 


65 


2,4-dimethoxyphmyi 


443.2390 


A 


66 


phenylsulfonyl 


447.1819 


A 


67 


4-methylphenylsulfonyl 


461.1969 


A 


68 


2-K;hlorophenylsulfonyl 


481.1418 


A 



5 
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Example 69 
JV'-{2-[2<4-Ainmo-2,67-1iime!lhyl-lH-iim 

yl)eihoxy]efbyl}mo]ph0line-4-caiboxaniide 




Using the method of Examples 54 - 68, 4-morpholmecarbonyl chloride was 
reacted with l-[2<2-aminoethoxy)ethyl]-2,6,7-trimethyl4ff-imidazo[4,5-c]pyridin-4- 
amine to provide the desired compound. The product was purified using Method A. Th 
observed accurate mass was 377.2295. 

Example 70 

JV'-{2-[2<4-Amino-2A7-trnnethyl4J?-imidazo[4,5-c]pyridin-l-y^^^ 
[(LR*,25V2-phen^cyclopropyl]urea 




Using fte mefliod of Examples 54 - 68, trans-2-phenylcycloi)ropyl isocyanate was 
reacted with l-[2-(2-aminoethoxy)ethyi]-2,6,7-ttimethyl4H-iimdaz6[4,5-c]pyridin-4- 
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amine to provide the desired compound. The product was purified using Method A. The 
observed accurate mass was 423.2508. 

Example 71 

5 iV'-{2-[2-(4-Amino-2,6,7-trimethyl4/^imidazo[4,^^^ 

methyl-JV^phenylurea 




Using the method of Exanqples 54 - 68, N-methyl-N-phenylcaibamoyl chloride 
10 was reacted with l-[2-(2-aininoethoxy)ethyl]-2,6,7-trimefhyl-liT-iniidazo[^ 

amine to provide the desked compound. The product was purified using Method A. The 
observed accurate mass was 397.2343. 

Examples 72 -76 

15 The corripounds in the table below were prepared iising the following method. The 

a5)propriate isotiiiocyanate (1.1 eq.) was added to a test tube containing a solution of l-[2- 
(2-aminoethoxy)ethyl]-2,6,7-tiMethyl-lfr-imida2»[4,5-c]pj^ (25 mg) in 

chloroform (5 mL). The test tube was capped, vortexed and then placed on a shaker at 
ambient temperature overnight (--1 8 hours). The solvent was removed by vacuum 

20 centrifiigation. The table below shows the structure of the fiiee base (compounds purified 
by Method A were isolated as trifluoroacetate salts), the observed accurate mass and the 
purification me&od tibat was used for that particular conq)ound. 
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Example 


R. 


Accurate Mass 


PutMcation 


Number 




(obsoved) 


MeOiod 


72 


3-(dimeaiylamiiio)propyl 


4362851 


A 


73 


phenyl 


399.1946 


A 


74 


2-furo3d 


417.1715 


A 


75 


2-phenylefliyl 


427.2289 


A 


76 


4-mefhoxyplieayl 


429.2057 


A 



Example 77 

W^-{2-[2-<4-Ammo-2,6J-trimethyl4Jy-^ . 
yl)etlioxy]ethyl}melhanesulfonaim 




i 

Ubder a nitrogen atmosphare, methane sulfomc anhydride (550 mg) was added to a 
solution of l-[2-(2-anMnoefhoxy)ethyl]-2,6 J-trimeth)^ik^^ 

(757 mg, 2.875 mmol), triethylamine (52q nL) and chlprdfonn (1 1 mL), The reaction 

M ■ 

mixture was allowed to stir at ambient temperature for ^bout 3 hours. The reaction 
mixture was diluted with chloroform (20 naL) and washed with saturated sodium 
bicarbonate solution (10 mL). The organic layer was dtied over magnesium sulfate and 
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then concentrated under reduced pressure to provide crude product as a light yellow oil. 
The oH was purified by column chromatography (10 g of silica gel eluting with 2% 
methanol in chloroform containing 0.5 % triethylamine). The fractions containing 
product were combined and concentrated unda: reduced pressure. The residue was 
5 purified using Method A described above to provide 0.2753 g of 7/-{2-[2-(4-anmio-2,6,7- 
tiitnethyl-lff-inudazo[4,5-^]pyridin-l-yl)ethoxy]e&^^ 

Example 78 

l-[5-C\4eliianesulfonyl)pentyl]-2,6,7-trimett^^ 



3-Cailoroperoxybenzoic acid, available as an approximately 75% pure mixture 
(mCPBA), (2.727 g, 15.80 mmol) was slowly added to a solution of 2,6,7-trimefli)4-l-[5- 
(methylthio)pentyl]4iy-imidazo[4,5-c]pyridin-4-amm (L442 g, 4.938 mmol), described 
m Example 12, in dichloromethane (60 mL), and the reaction was stirred for three hours, 

15 The volatiles were removed under reduced pressure, and the residue was dissolved in 
dichloromethane (100 mL). The solution was washed with 10% aqueous sodium 
hydroxide (2 x 100 mL), dried over magnesium sulfate, filtered, and concentrated under 
reduced pressure. The product was recrystallized first from a mixture of dichloromethane, 
hexanes, and ethanol and secondly from a mixtoie of methanol, ethyl acetate, and hexanes 

20 to provide 0.738 g of l-[5<methanesulfan3d)pentyl]-2,6,7-ttimethyl-lJy-^ 

c]pyridin-4-amine as a solid, m. p. 199-200 ^'C, Analysis: Calculated for C15H24N4Q2S: 



%C, 55.53; %H, 7.45; %N, 17.27; %S 9.88. Found: %C, 55.17; %H, 7.67; %N, 16.99; 
%S9.75. 




NH 
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Example 79 
l-[5-(Benzenesulfonyl)peatyl]-2,6,7-trm 

N 

I 

The reactiaa was carried out as described in Example 78 with flie following 
excqrtions. mCPBA (2.01 g, 1 1.65 mmol) was added to a solution of 2,6,7-tnmethj4-l- 
[5-(phenyltMo)pentyl]-lfl'-inmdazo[4,5-c]pyridtin-^ (1,32 g, 3.72 nunol), described 
in Example 13, in dicWoromethane (100 mL).' Th? crude product (1.45 g) was purified by 
column chromatography on silica gel (eluting sequentially with 99:1 
dichloromethanetmethanol and 95:5 dichloromethane.methanol) to provide 0.245 g of 1- 
[5-(ben2«nesulf<myl)paityl]-2A7-trimelhyl-lH-imidazo[4,5-c]pyridin-4-a^ as a solid, 
m. p. 166-167 °C. Analysis: Calculated for C20H26N4O2S: %C, 62.15; %H. 6.78; %N, 
14.05; %S 8.30. Found: %C, 61.83; %H, 6.69; %N, 14.39; %S, 7.98. 
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Example 80 



l-[2-(Benzyloxy)ethyl]-2-(etiiox}methyl>6-m 



amine (61 .0 g, 1 .00 mol) in tetrahydiofuran (SCO mL). The temperature of flie leaction 
was maintained at 25 ""C using a water bath. A solution of di-terf-butyl dicarbonate (218 
g, 1,00 mol) in tetrahydrofuran (500 mL) was added dropwise ova: a period of one hour 
with r^id stirring, and a white precipitate formed. The reaction was stirred for 17 hoxns, 

10 and the tetrahydrofuran was removed under reduced pressure. The pH of tiie resulting 
slurry was adjusted to '-2 by adding sulfuric acid (550 inL of IM), and the resulting clear 
solution was extracted with ethyl acetate (3 x 500 mL). The combined extracts were 
washed tbrice with water and twice with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide 142.2 g of rer^butyl 2^-, 

15 hydroxyethyicarbamate as a colorless oiL 



Benz^^trimethylammonium chloride (4.61 g, 24.8 mmol) was added to a mixture 
of r^-bu!yl 2-hydroxyethylcaibamate (40.0 g, 248 mmol), dichloromethane (600 mL), 
and 50% aqueous sodium hydroxide (400 mL). Benzyl bromide (29.5 mL, 248 mmol) 

20 was then added, and the reaction was stirred for three hours. Ice water was added (1 L), 
and the aqueous solution was extracted with chloroform (5 x). The combined organic 
solutions were washed with water (2 x) and brine (3 x), dried over magnesium sul&te, 
filtered, and concentrated under reduced pressure. Upon concentration, a white precipitate 
formed, and the organic solution was washed again with water (3 x 100 mL), The 

25 combined washings were extracted witii chloroform (3 x 50 mL). The combined organic 
solutions were washed with brine (3 x 50 mL), dried over magnesium sulfate, filtered, and 




Part A 



Aqueous sodium hydroxide (510 mL of 2 M) was added to a solution of ethanol 



PartB 
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concentrated under reduced pressure to provide 59. 1 g of tert-hutyl 2- 

(beDzyloxy)ethylcarbamate as a colorless oil. 

Parte 

A solution of 7% hydrochloric acid in eflianol (245 g of -1.6 M) was added to tert- 
5 butyl 2-(benzyloxy)ethyicaibamate (59.1 g, 235 nunol), and ihe solution was stirred at 
room tenq)erature for 17 hours. The volatiles were removed under reduced pressure to 
provide 52.1 g of a white sotid, which was recrystallized from ethyl acetate (650 mL) and 
a small amount of methanol. The crystals were isolated by filtration and dried for three 
days at 78 °C and 39.9 Pa to provide 32.2 g of 2-(benzyioxy)efhylaimne hydrochloride as 
10 a white solid. 
PartD 

Under a nitrogen atmosphere, triethylamine (40.4 mL, 290 imnol) was added to a 
solution of 2,4-dichloro-6-methyl-3-mtropyridine (12.0 g, 58.0 mmol), prepared according 
to the general method of Part A of Example 1 using 2,4-dihydroxy-6-metiiyl-3- 

15 nitropyridine in Ueu of 2,4^ydToxy-5,6-dimethyl-3-mtropyridine, m anhydrous N^- 
dimethylformamide (DMF) (200 mL). To the resulting dark brown solution was added 2- 
(benzyloxy)ethylamine hydrochloride (1 1.97 g, 63.76 mmol), and the mixture was stirred 
at room temperature for 23 hours. The volatiles were tiien removed under reduced 
pressure, and the residue was mixed with water and ethyl acetate. The organic layer was 

20 washed witti water (3 x 200 mL), aqueous sodium bicarbonate (2 x 200 mL), and brine (3 
x 250 mL), dried over magnesium sulfate, filtered, and cdncentrated under reduced 
pressure to provide a brown oil. The crude product (18.1 g) was purified by coluimi 
chromatogi:q)hy on silica g^l (700 g, eluting with 80:20 hexanerethyl acetate) to provide 
an oil which was triturated with 80:20 hexane:ethyl acetate. The resulting crystals were 

25 isolated by filtration and dried to provide 4.7 g of [2-(benzyloxy)ethyl]-(2-chloro-6- 
methyl"3-iutropyridin-4-^)amine as a yellow solid. 

PartE ; ■ 

Under a nitrogen atmosphere, diglyme (20 mL) was added to sodium hydride 
(0.548 g, 13.7 mmol), which is available as a 60% dispersion in mineral oil, and the 
30 mixture was cooled to 0 A solution of phenol (1 .35 ! g, 14.4 mmol) in diglyme (20 mL) 
was added, and the addition flask was rinsed with additional diglyme (2x5 mL), which 
was added to the reaction flask. The reaction became homogeneous and was stirred for 30 
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minutes. Solid [2"(ben2yloxy)ethyl]-(2-cMoK)--6-methyl-3-iu^^ (4.2 g, 

13 mmol) was added, and the resulting dark solution was heated at 60 ""C for 90 minutes. 
The reaction was allowed to cool and then slowly poured into water (500 mL) and stiired 
rapidly for 90 minutes. A yellow solid formed, which was isolated by filtration and 

5 dissolved in ethyl acetate. The solution was then dried ova: magnesium sul&te, filtered, 
and concentrated under reduced pressure to provide a yellow oil, which began to 
crystallize over three days. The pro(faict was tcitarated with hexane, and the resulti^ 
was isolated by filtration and dried for two hours under high vacuum at 55 ^'C to provide 
4.44 g of [2-(benzyloxy)ethyl]-<6-methyl-3-nitro-2-phenoxy-pyridi^ as a 

10 yellow solid. 
PartF 

Under a nitrogen purge, 5% platinum on carbon (1 .0 g) and toluene (20 mL) were 
added to a Parr vessel [2-<Bei]zyloxy)ethyl] (6-methyl-3-nitro-2-phenoxy-pyridin^ 
yl)amine (4.91 g, 12.9 mmol) and additional toluene (40 mL) were then added. The vessel 
15 was placed under hydrogen pressure (49 psi, 3.3 x 10^ Pa) for three hours. The reaction 
mixture was filtered Ihrou^ a layer of CELTTE filter aid, and the filtrate was concentrated 
under reduced pressure to yield 4.9 g of j/-[2-(benzyloxy)eth)d]-^-methyl-2- 
phenoxypyridine-3,4-diamine as a milky oil» contaminated with a small amount of toluene. 
PartG 

20 Under a nitrogen atmosphere, a solution of iV*-[2-(benzyloxy)ethyll-6-methyl-2- 

phettoxypyridine-3,4-diamine (3.80 g, 10.9 mmol), anhydrous dichloromethane (75 mL), 
and anhydrous triethylamine (1.8 mL, 13 mmol) was cooled to 5 ^C. Etboxyacetyl 
chloride (L40 g, 11.4 mmol) was then added over a period of 30 seconds, and the reaction 
was stared for 20 mmutes. The reaction niixture was washed with aqueoiis sodium 

25 bicarbonate (3 x), and the combined aqueous washiqgs w^ extracted with chloroform (3 
x). The combined organic solutiom were dried over sodium sul&te,£^^ 
concentrated under reduced pressure to provide a white powder. The powder was dried 
for three days under vacuum at room ten^erature to provide 4.01 g of J\r-{4-[2- 
(ben2yloxy)efliylammo]-6-mefliyl-2-phenoxypyridin-3 as a white 

30 solid. 
PartH 
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Under a nitrogen atmoq)here, a solution of iV'-{4-[2-(benzyloxy)e1iiylaniino]--6- 
methyl-2-phenoxypyridin-3-yl}-2-ethoxyacetanri (3.98 g, 9.13 namol) and pyridine 
hydrochloride (4.0 g, 35 mmol) m anhydrous pyridine (30 mL) was heated at reflux. After 
22 hours, an analysis by hi^-perfonnance liquid chromatography (HPLC) indicated the 

5 presence of starting material, and additional pyridine hydrochloride (0.05 g, 0.4 mmol) 
was added. After an additiomd hour, an HPIX] analysis again indicated 
starting material, and additional p}aidine hydrochloride (O.OS g, 0.4 mmol) was added. 
The reaction was heated at reflux for an additioi^ four days and then was allowed to cool 
to room tenq)erature. The volatiles were removed under reduced pressure, and the residue 

10 was dissolved in dichloromefhane. The resulting solution was washed with water (3 x) 
and biine (3 x), dried over isodium sulfate, filtered, and concentrated tinder reduced 
pressure to provide 3.7 g of a brown oil. The oil was purified by column chromatogn^hy 
on silica gel (eluting with 95:5 dichloromethane:ethyl acetate) to provide 2.5 g of l-[2-< 
(benzyloxy)etiiyl]-2-(efhoxymethyl)-6-methyl;|4-phenoxy-l^^ as a 

15 yellow oil. ^ . \ 

Parti V = i 

Ammonium acetate (25 g, 0.32 mol) md l-[2-(benzyloxy)ethyl]-2-(ethox)^ 
6<nethyl-4^phenoxy-lH-inndazo[4,5-c]pyridi4tX^ g, 6.0 mmol) were heated at 150 ""C 
in a sealed tube for 22 hours. The resulting solution was adjusted to pH 14 with the 

20 addition of 20% sodium hydbxide, and water (50 mL) was added. The mixture was 
stilled &T several hours to provide a yellow precipitate^ which was isolated by filtration. 
The precipitate (1.75 g) was xecrystallized fiom a 50:50 mixture of hexanecediyl ac^e 
(29 mL/g), and tiie crystals were isolated by filtration and dried under vacuum for 23 
hours at 60 *C to provide 1.05 g of l-[2-(benzyloxy)eth5d]-2-(ettioxymeth^)-6-meaxyl- 

25 l^r-imidazo[4,5-c]pyridin-4-aniine as small white crystals, mp. 127-128 °C. 

NMR (300 MHz, DMSO) 5 7.24-7.31 (m, 3H), 7.15-7.19 (m, 2H), 6.61 (s, IH), 6.05 
(s, 2H), 4.67 (s, 2H), 4.44 (s, 2H). 4.35 (t, /= 5.6Hz, 2H), 3.73 (t, J= 5.3 Hz, 2H), 3.46 (q, 
J= 6.9 Hz, 2H), 2.29 (s, 3H), 1.09 (t, J= 7^ Hz, 3H); 
MS (APCI) m/z 341 (M + Bf; 

30 AnaL Calcd for C19H24N4O2: C, 67.04; H, 7.11; N, 16.46; Found: C, 67.17; H, 7.13; N, 
16.49. 
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Example 81 

2<Ethoxymethyl)-^-me%l-l-{2-[3-(pyridin-3-yl)p^^ 

c]pyridin-4-aimne 




5 PartA 

The preparation of teTt-butyl 2-liydroxyethyIcarbamate is described ia Bxaniple 80, 
Part A. Bsizyltrimethylanimoniimi chloride (18 97 mmol) and S0% aqueous sodium 
hydroxide (1.5 L) were added to a solution oftertAmtyl 2-hydroxyethylcaibamate (156.4 
g, 970.0 mmol) in dichloromethane (2.4 L), and the mixture was stirred rapidly. Propargyl 

10 bromide (109 mL, 979 mmol), available as an 80% solution in toluene, was then added, 
and the reaction was stirred for three hours. The layers were separated, and the aqueous 
layer was cooled to in an ice bath. Water was slowly added (1 .2 L), and the 
aqueous solution was extracted with chloroform (2 x 300 mL). The combined organic 
solutions were washed with water (3 x 500 n^L) and brine (2 x 500 mL), dried over 

1 5 sodium sulfite, filtered, and concentrated mukr reduced pressure to provide 173 g of tert- 
butyl 2-(prop-2-ynyloxy)eaiylcaibamate as an orange oil, which was used without 
purification. 
Parts 

Under a nitrogen atmosphere, anhydrous triethylamine (45.5 mL^ 326 mmol) and 
20 3-bromppyridine (12.9 mL^ 138 mmol) were added to a solution of tertAnxtyl 2-(prop-2- 
ynyloxy)ethyicaibamate (26.0 g, 125 mmol) in anhydrous DMF (400 mL), and the 
reaction was heated at 80 *^C. Dichlorobis(triphenylphosphine)pa11adiinn (IT) (1.76 g, 2.51 
mmol) and copper Q) iodide (0.96 g, 5.02 mmol) were then added, and the reaction was 
heated at 80 °C for one hour. The volatiles were removed under reduced pressure, and the 
25 residual black oil was dissolved in ethyl acetate (500 mL). The solution was washed with 
dilute aqueous sodium bicarbonate (1 x 200 mL) and brine (2 x 100 mL), dried over 
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sodium sulfite, filtered, and coacentrated under reduced pressure to provide a dark brown 
oiL The oil was purified by column <*romatogrs5)hy on silica gel (350 g, elating witti 
50:50 e4h3d acetate±exane), and the resulting dad: oil was dissolved in hot meliianol (200 
mL) and treated with 10 g of activated charcoaL The mixture was filtered through a layer 
5 of CEUTB filter ai4 and fte filtrate was treated wiUi additional activated 

and filtered in the same way to provide 25.4 g of tert-buljd {2-[3-^yridinr3-yi)prop-2- 

yn3doxy]etIq^l}carbam8t6 as a amber-cobied oiL 

Parte 

XJnder a nitrogen purge, 10% palladium on carbon (5.0 g) and 2-propanol (20 mL) 
10 were added to a pressure vessel. A solution of tert-butyi {2-[3-(pyiidin-3-yI)prop-2- 
ynyloxy]ethyl}caibamate (22.7 g, 82.1 nomol) in methanol (200 mL) were then added. 
The vessel was purged three times with nitrogen and then placed under hydrogen pressure 
(50 psi, 3.4 X lO' Pa) for five hours. The reaction mixture was filtered throu^ a layer of 
CELTTE filter aid, and the filtrate was concaitrated under reduced pressure to yield 21 .3 g 
15 of /ert-butyl {2-[3-(jpyridm-3-yl)propo^]ethyl}carbamate as abrown oiL 
PartD 

A solution of tert-hvtyl {2-[3-(py?idin-3-yl)pK)p-2-ynyloxy]ethyl}caibamate (213 
g, 76.0 mmol) in methanol (50 mL) was cooled to 6 "C. A sohition of 4 M hydrochloric 
acid m dioxane (1 14 mL^ 456 mmol) -was added over apedod often minute^ and the 
20 reaction was stirred for six hours. The volatOes were removed under reduced pressure, 
and the residue was dissolved m water (200 mL). The sohtion was washed wifli 
dicUoromelhane (2 x 100 mL), and Iheii adjusted to pH 14 with the addition of 20% 
aqueous sodium hydroxide (100 mL). The basic solution was then extracted with 
chlorofijnn (5 x 100 mL). The combined eortiacts were wadied with brine (2 x 100 mL), 

25 dried over magnesium sulfete, filtered, and COTcentrated under reduced pressure to provide 
a dadE dl (8.5 g). The basic sohition was Ihen extracted wifli chloroform for six hours 
usiiig a contiauous extractor. The extracts were concentrated under reduced pressure to 
provide a yellow oil (1 g). The oils were combined and purified by distillation (108-1 10 
'C at 2.1 X 10^ Pa) to yield 7.74 g of 2-[3-(pyridin-3-yl)propoxy]ethylamine as a pale 

30 yellow oiL 
PartE 
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Under a nitrogen atmosphere, triethylamine (6.1 mL, 44 mmol) was added to a 
solution of 2,4-dichloro-6-mefliyl-3-nitropyridine (7.50 g, 36.2 mmol), prepared as 
described in Part A of Example 1. in anhydrous DMF (160 mL). Neat 2-[3-(pyridin-3- 
yl)propoxy]ethyiamine (6.60 g. 36.6 mmol) was then added, and the mixture was stirred at 
5 roomtemperatore for 1.5 hours. The volatiles were then removed under reduced pressure, 
and the residue was dissolved in chloroform. Ihe solution was washed with 2% aqueous 
potassium bicarixfflate (1 X), water (1 X). and brine (1 X), dried over sodium sulfat^^ 
ffltered, andconcenttatedunderredocedpressureto provide an oU. The crude product 
was purified by column chromatography on siKca gel (600 g. ehiting with methanoliethyl 
10 acetate in various ratios) to aflEbrd an ott which was dried under reduced pressure to yield 
4.9 g of (2-cmoio-6-methyl-3-mtropyridin-4-yl)-{2-[3-(pyiidin-3-yl)ptopo^^ 

PartF 

The geoeralmethoddesctibedinPartEof Example BOwas used wifli the 
following modifications. A solution of phenol (1.45 g, 15.4 mmol) in di^yme (10 mL) 

15 was added to a cooled mixture of Ihe sodium hydride dispersion (0.59 g, 14.7 mmol) in 
diglyme (15 mL), and flie addition flask was rinsed twice wilh diglyme (5 mL), which was 
added to the reaction. A solution of (2-chloro-6-mefliyl-3-nitropyridin-4-y!)-{2-[3- 
(pyridin-3-yl)propoxy]ethyl}amine (4.9 g, 14 mmol) was added, and tiie reaction was 
heated at 60 °C for 20 hours. Additional reagent prepared ftom phenol (0.50 g, 5.3 mmol) 

20 and 60% sodium hydride (0^1 g, 5.3 mmol) in diglyme was added, and the reaction was 
heated at 60 °C for 2.5 hours. The reaction was allowed to cool to room temperature and 
slowly added to 800 mL of water and stirred for one hour to form a bright yellow soUd. 
The soUd was isolated by filtration and washed witii hexane (50 mL) to provide 7.4 g of 
(6-mefliyi-3-mtro-2-phenoxypyridm4-yl)-{2-[3-(pyridin-3-^)piopo^^ as a 

25 yellow solid cantaminated with water. 
PartG 

Ifader a nitrogen purge, 5% platinum on carbon (2.0 g), toluene (5 mL), and 2- 
propanol (5 mL) were added to aParr vessel. A soUition of (6-mc«hyi-3-nitiD-2- 
lAenoxypyridin-4-yl)-{2-[3-(pyridin-3-yl)propoxy]e&^^^ (5.71 g, 14.0 mmol) in 
30 toluene (45 mL) was flien added. The vessel was placed under hydrogen pressure (49 psi, 
3.4 X 10^ Pa) for fliree hours. An analysis by hquid chromatogr^hy/mass spectrometry 
indicated the presence of starting material, and additional 5% platinum on carbon (0.1 g) 
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was added The reaction was continued for an additional 6 hours. The reaction mixture 
was filtered tiirou^ a layer of CHLTTE filter aid, and flie filtrate was concentrated under 
reduced pressure to yield 5.2 g of 6-mefhyl-2-phenoxy-JV*-{2-[3-(pyridin-3- 
yl)propoxy]efhyl}pyridine-3,4-dian]ine as a dark oil. 
5 PartH 

Under a nitrogen atmosphere,' a solution of 6-me1hyl-2-phenoxyTiV*-{2-[3-(pyridin- 

3- yl)propoxy]ediyl}pyiidme-3,4^tianune (5.2 g, 14 mmol), anhydrous dichloxomethane 
(40 mL), and anhydrous triethylamine (2.3 mL, 16.5 nunol) was cooled to 5 **C. A 
solution of ethoxyacetyl chloride (1.77 g, 14.4 mmol) in dichloromethane (10 mL) was 

10 then added over a period of ten minutes, and the reaction was stirred for 30 minutes. The 
reaction mixture was diluted with dichloromethane (25 mL), washed with aqueous 
saturated sodium bicarbonate (3 x) and brine (3 x), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide 5.8 g of 2-ethoxy-iV-(6-methyl-2-phenoxy- 

4- {2-[3-(pyridin-3-yl)propoxy]ethylamino}pyridin-3-yl)acetam^ as an oil 
15 Parti 

Under a nitrogen atmosphere, a solution of 2-eflioxy-iV-(6-methyl-2-phenoxy-4-{2- 
[3-^yridin-3-yl)propoxy]ethjdainino}pyridin-3-yl)acetainide (3.70 g, 7.96 nunol) and 
pyridine hydrochloride (3.70 g, 32.0 imnol) in anhydious pyridine (25 mL) was heated at 
140 *C ftr 38.5 hours and then was allowed to cool to room tenq^erature. The volatiles 

20 were removed under reduced pressure^ and the residue was dissolved in dichloromethane. 
The resulting solution was washed with saturated aqueous sodium bicarbonate (1 x), wator 
(1 x) and brine (1 x), dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to provide 4.13 g of a brown oil The crude product was purified by column 
chromatography on silica gel (220 g, eluting with ethyl acetate) to provide 2.72 g of 2- 

25 (ethoxymethyl)-6-methyI-4-phenoxy-l-{2-[3-^yridm-3-yl)propoxy]e&^^ 
imidazo[4,5-c]pyridine as an oil. 
Part J 

Anunonium acetate (27.0 g, 0.350 mol) and 2-(ethoxymethyl)-6-methyl-4- 
phmoxy-l-{2-[3-<pyridin-3-yl)propoxy]ethyl}-l£r-iimdazo[4,5-^^^ (2.72 g, 6.09 
30 mmol) were heated at 155 in a sealed tube for 21.5 hours. The solution was allowed to 
cool to room ten^>erature and adjusted to pH 14 with the addition of 1 N sodium 
hydroxide. The solution was extracted with dichloromethane (3 x). The combined 
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extracts were washed with water (3 x) and brine (3 x), dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to provide 2. 19 g an amber-colored oiL The 
crude oil was purified by column chromatography on silica gel (200 g, elutmg with 89:1 1 
ethyl acetatentnethanol) to provide 0.858 g of an oil. The oil was dissolved in 2-propanol 
5 treated with a 1.0 M solution of hydrochloric acid in diethyl ether (4.64 mL), and the 
resulting salt was iecrystaIlizedfix>m2-propanoL The salt was treated with aqueous 
sodium hydroxide to make the fi:ee base, yMxik was isolated by filtration and dried for 48 
hours at 80 to yield 0.348 g of 2-(ethoxymethyl)-6-methyl-l-{2-[3-(pyridin-3- 
yl)piopoxy]ethyl}-li7-imidazo[4^-i;]pytidin-4-amine as a colorless oil. 



10 NMR (300 MHz, DMSO) 8 8.36 (d, J= 4.4 Hz, IH), 8.309 (s, IH), 7.39 (d, J= 7.5 Hz, 
IH), 7.20-7.24 (m, IH), 6.64 (s, IH), 6.10 (s, 2H), 4.69 (s, 2H), 4,32 (t, J- 5.3 Hz, 2H), 
3.65 (t, 5.3 Hz, 2H), 3.50 (q, J= 7.1 Hz, 2H), 3.30 (t, J= 6.24 Hz, 2H), 2.47 (t, J= 8.1 
Hz, 2H) 2.31 (s, 3H), 1.70 (p, J- 7.5, 6.2 Hz, 2H), L12 (t, J= 639 Hz, 3H); 
MS (APCl) m/z 34 1 (M + H)^; 

15 Anal. Calcd for C2oH27N502*0.8 H2O: C, 62.58; H, 7.51; N, 18.24; Found: C, 62.85; H, 
7.6; N, 18.12. 



2-(Bthoxymethyi)-6,7-<iimethyi-l-{2-[3-<l,3-thiazol.2-yl)pn^ 



PartA 

* 2-[3-(l,3-Thiazol-2-yl)propoxy]ethylamine was prepared using the general 
25 methods of Parts A through D of Example 8 1. In Part B rert-butyl 2-(pix)p-2- 

ynyloxy)ethylcarbamate (151.2 g, 0.759 mol) was coipled with 2-bromothiazole (124 g. 



Example 82 



c]pyrid]n-4-amine 
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0.759 mmol) in lieu of 3-bromopyridine. After Part D, flie prodact was purified by 
distillation (113-115 at 1.7 x 10^ Pa) to yield 43 g of the desired prodact as an oil. 
PartB 

Under a nitrogea atmosphere, tdetfa^amine ^,4 mL, 24 mmol) was added 
5 drtqwise to a solution of 2,4-di<Moro-5,j6M3imethyl-3Htdtropyridme (4.50 g, 20.4 mmol) in 
anhydrous DMF (45 mL). 2-[3-(l,3-Thia2ol-2-yI)piopoxy]ethylanme (4.55 g, 24.4 
mmo^ was then ^ded, and the addition finmel was rinsed witii additional DMF (15 mL). 
The reaction wa^ heated at 60 °C for 3.5 hours. .The volatiies wore then removed under 
reduced pressure, and the residue was partitioned between water (100 mL) and diethyl 

10 ether (250 mL). .The organic layer was washed with water (2 x 50 mL) aod brine (3 x 50 
mL), dried over magnesium sulfite, filtered, and concentrated under reduced pressure to 
provide an orange oil. The crude product (7.41 g) was purified by colunm 
chromatogr^hy on siUca gel (375 g, eluting wilh 50:50 hexanerethyl acetate) to provide a 
solid, which wasjdried ovemigjit undo: high vacuum at room temi)erature to provide 4.6 g 

15 of (2-chloro-5,6-dimefliyl-3-nitropyridin-4-yi)-{2-[3-(13-fliiazol-2- 
yl)propoxy]ethyl}amine as a yellow solid. 
Parte ' i 

The metiliod described in Exaaq)le 80, Part E was used wilh tiie following 
exoeptfons. A solution of phenol (2.1 1 g, 22.4 mmol) in diglyme (5 mL) was added to the 

20 sodium hydride dispersion (0.87 g, 22 mmol) in diglyme (10 mL). A solution of (2- 
cMo^)-5,6-dimeflly^3-nitropyridin■4-yl)i{2-[3-(l,3-thiazol-2-yI)pI(^ 
g, 15 mmol) in diglyme (25 mL) was added, and the addition flask was rinsed with 
additional diglyme (2x5 mL), which wsk added to the reaction flask. The resulting 
amber solution was heated at 1 10 "C fo^' 3.25 hours and tiien allowed to cool to room 

25 tenq)erature. The volatiies were removed under reduced pressure, and the residue was 
dissolved in ethyl acetate (100 mL). Thb solution was washed with saturated aqueous 
ammonium chloride (1 x 50 mL), 1 l^f^ pot^ium hydroxide (2 x 50 mL), and brine (2 x 50 
mL), and then dried over magQesiun|sulfate, filtered, and concentrated under reduced 
pressure to provide an oil. The oil Vfs'diied for three days under hi^ vacuum at room 

30 temperature to provide 4.7 g of (2,3-pmefliyi-5-mtio-6-pheaoxypyridin-4-yl>{2-[3-(l,3- 
tbiazol-2-yl)pK>poxy]etiiyi} amine as|^ oiL 
PartD |,; , 

4' 
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Under a nitrogen purge, 5% platiniim on carbon (0.5 g) and toluene (5 mL) were 
added to a pressure vessel. A solution of (23-dimethyl-5-nitro-6-phenoxypyridin-4-yl)- 
{2-[3<l,3-thiazol-2-yl)propoxy]efhyl} amine (4.7 g, 11 mmol) in toluene (35 mL) was 
then added. The vessel was placed under hydrogen pressure (50 psi, 3.4 x 10^ Pa) for 24 
hours. The reaction mixture was ffltered through a kyer of 
filtrate was concentrated under reduced pressure to yield 4.12 g of S,6-dimethyl-2- 
phenoxy-iV*-{2-[3-<l,3-thia2ol-2-yl)propoxy]ethyl}pyii as a pale yellow 

oil. 
PartB 

Under a nitrogen atmosphere, a solution of 5,6-dimefhyl-2-phenoxy-jW*-{2-[3-(l,3- 
thiazol-2-yl)piopoxy]ethyl}pyridine-3,4-diamine (4.12 g, 10.3 mmol) and pyridine 
hydrochloride (0.024 g, 0.21 mmol) m pyridine (30 mL) was cooled to 7 ""C. Ethoxyacetyl 
chloride (1.33 g, 10.9 mmol) was added, and the reaction was stiired for 30 minutes. The 
cloudy solution was then heated at 100 °C for 20 hours and then allowed to cool to room 
temperature. The volatiles were ranoved under reduced pressure, and the residue was 
partitioned between water and dichloromethane. The organic layer was washed with 
potassium carbonate (2 x 50 mL) and brine (2 x 50 mL), dried over magnesium sulfete, 
filtered, and concentrated under reduced pressure. The resulting oil was triturated with 
heptane to provide a solid that was isolated by filtratioiL 2-(Efhoxymefhyl)-6,7-dimethyl- 
4-phenoxy-l-{2-[3<l,3-thiazol-2-yl)propoxy]ethyl}-lff-inddazo[^^^ (3.68 g) 

was obtained as a tan solid. 
PartF 

Ammonium acetate (37 g, 0.48 moQ and 2-<eaioxymethyl)-6 jH]imelli}d-4- 
phmoxy-l-{2-[3-<13-thiazol-2-yl)propoxy]ethyl}-lff-imidffi (3.68 g, 

7.89 mmol) were heated at 150 ''C in a sealed tiibe for 29.5 hours. The resulting solution 
was allowed to cool, and the pH was adjusted to 14 with fixe addition of 1 N potassium 
hydroxide. The solution was stuxed for one hour and was then extracted wilh ethyl acet^^ 
(lx200mL). The extract was washed with IN potassium hydroxide (3 X 50 mL) and 
brine (3 x 50 mL), dried over magnesium sulfate, filtered, and concentrated under reduced 
pressure to provide a brown solid. The solid was triturated with diethyl ether, isolated by 
filtration, and purified by column chromatography on silica gel (lOOg, eluting with 96:4 
dichloromefhane:methanol) to provide an oil, which was triturated with hexane to form a 



193 



wo 03/103584 



PCTAJS03/17659 



solid (0.60 g). Hie solid was dissolved in efliyl acetate, filtered throng a 4 urn syringe 
filter, and concentrated under reduced pressure to provide a solid. The solid was triturated 
with bexane, isolated by filtration, and dried to provide 0.446 g of 2-(ethoxymethyl)-6,7- 
dimethyl4-{2-[3-(l,3-Aiazol-2-yl)propoxy]ethyl}-lff-inridazo[4,5H:]py^^ as a 

5 white powder, mp- 91-92 "C. 

*H NMR (300 MHz, DMSQ) 8 7.66 (d, 7 = 3.7 Hz, IH), 7.53 (d, /= 3.1 Hz, IH), 5.77 (s, 
2H), 4.69 (s, 2H), 4.53 (t, 5.a6 Hz, 2H), 3.70 (t, J= 5.6 Hz, 2H), 3.50 (q, J= 7.0 Hz, 
2H), 3.38 (t, /= 5.9 Hz, 2H), 2.89 (t, J= 7.5 Hz, 2H), 2.38 (s, 3H), 2.31 (s, 3H), 1.86 (p, J 
= 7.5. 6.2 Hz, 2H) 1.13 (t, J= 6.9 Hz, 3H); | , 

10 MS (APCO) m/z 390 (M + H)*; 

Anal. Calcd for Ci!>Hb7N502S: C, 58.59; H, 6.99; N, 17,98; Found: C, 58i53; H, 7.01; N, 
17.88. 

Example 83 ' 
15 6,7-Wmetliyl-l-{2-[3-<l,3rthiazol-2-yl)pro^ 



hydrochloride 




PartA 

The preparation of 5,6-^ethyl-2"phenoxy-j^^-{2-[3<l,3-thia2»l-2^ 
20 yl)propoxy]ethyl}pyridme-3,4-diainine is described in Example 82, parts A Ihrough D. 
Under a nitrogen atmosphere, a solution of 5,6-dimetiiyl-2-phenoxy-JV^-{2-[3-(l,3-thiazol- 
2-yl)propoxy]efhyl}pyridine-3,4-diamine (2.9 g, 7.3 mmol), pyridine hydrochloride (0.017 
g, 0.145 mmol), and triethylorthofonnate (1.8 mL, 1 1 mmol) in toluene (75 mL) was 
heated at reflux for 30 minutes. The volatiles were removed under reduced pressure, and 
25 the residue was dissolved in dichloromethane. The resulting solution was washed wifli 
saturated aqueous sodium bicarbonate (2 x 20 mL) and brine (2 x 50 mL), dried over 
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sodium sulfate, filtered, and concentrated under reduced pressure to provide an oil. The 
oil was triturated with diethyl ether to form a solid that was isolated by filtration to 
provide 2.15 g of 6,7HJime1hyl-4-phenoxy-l-{2-[3Kl,3-tfaia2»1.2^^^^ 
imidazo[4,5-c]pryridine as an off-white powder. 
5 Parts 

Ammonium acetate (15.9 g, 0.206 mol) and 6,7-dimethyl-4-pheaoxy-l-{2-[3-(ly3- 
thiazol-2-yl)propoxy]ethyl}4H-imida2o[4,5-cte (1.59 g, 3.89 mmol) were heated 

at 150 ''C in a sealed tube for 20 hours. The amber-colored sohition was allowed to cool 
to room temperature and diluted wi& water (10 mL). The resulting solution was adjusted 

10 to pH 14 with the addition of 20% sodium hydroxide and stirred for 30 minutes. The 
solution was extracted with dichloxome&ane (3 x 30 noL). The combined extracts were 
washed with brine (3 x 25 tnL), dried over sodium sul&te, filtered, and concentrated under 
reduced pressure to provide an oil. Dietii}ie1her was added to the oil and subsequentiy 
removed under reduced pressure to provide a solid, which was purified by colunm 

15 chromatography on silica gel (eluting with 95:5 dichloromethane:methanol) to provide 
two portions of slightly impure product. One portion (0.13 g) was treated with a 1.0 M 
solution of hydrochloric acid in diethyl ether (1 equivalent), and the resulting salt was 
recrystallized from 2-propanol to provide 0.056 g of 6,7-dimethyH-{2-[3-(l,3-tliiazoI-2- 
yl)propoxy]efliyl}-l£r-imidazo[4,5-c]pyridm-4-animehy^^ as a white powder, 

20 decomp. -180 **C. 

NMR (300 MHz, DMSO) 6 13.52 (m, IH), 8.32 (s, IH), 8.03 (s, IH), 7.65 (d, 7= 3.1 
Hz, IH), 7.54 (d, J= 3.7 Hz, IH), 4.61 (t, J= 5.0 Hz, 2H), 3.73 (t, J= 5.0 Hz, 2H), 3.40 (t, 

5.9 Hz, 2H), 2.84 (t, J= 7.5 Hz, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.84 (p, 7.5, 6.2 
Hz,2H); 

25 MS (APCI) m/z 332 ^ + H)**^; 

AnaL Calcd for Ci6H2iN5OS*HCl*0.5 H2O: C, 50.99; H, 6.15; N, 18.58; Found: C, 50.93; 
H, 6.00; N, 18.55. 
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Example 84 

6J-Dime%l-l-[2-(pyridm-4-ylmetfaoxy)eaxyl]-l/f-M 

NH2 




Part A 

5 ThegraieFaln]eQiodsdesaibedinPartsAandBinExanq)le80wea:eea^ 
convert eflianol amine (40.00 g, 655 mmol) to teri-batyl (2-pyridm-4- ^ 
ylmethoxy)ethylcarbamate. Iq Part B, 4-(chloromethyI)pyridme hydrochloride (102 g, 
633 mmol) was used in lieu of benzyl bromide. 
PartB 

10 To a sohition of terf-butyl (2-pyridin-4-yhnethoxy)etiiyicaibamate (157 g, 622 

mmol) was added a solution of 25% by volmne hydrochloric acid hi anhydrous ethanol 
(1600 mL) at 0 "C, and the reaction was allowed to waxm to room temperature and stirred 
overnight. The volatiles were removed under reduced pressure, acid the residue was 
dissolved in water (1 L). The solution was washed with dichloromethane (2 x 500 mL), 

15 and then adjusted to pH 13 with the addition of solid potassium caibonate and 50% 

aqueous sodium hydroxide. The basic solution was then extracted with chloiofom (2 x 
2000 mL) and overnight using a continuous extractor. The combined extracts were 
concentrated under reduced pressure to a volume of 2 L, wadied with brine (2 x 1000 
mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure to 

20 provide a yellow oil (83.2 g). The oil was purified by distillation (103-105 T at 63 Pa) to 
yield 47.5 g of 2-^yridin-4-3dmelhoxy)efliylaniine as a colorless oil " 
Parte 

Under a nitrogen atmosphere, triefliylamine (7.4 mL» 53 mmo|)' was added to a 
solution of 2,4-dichloro-5,6-dmiettiyl-3-nitropyridme (9.78 g, 44.2 mnoX) in anhydrous 
25 DMF (200 mL). 2-(Pyridin-4-yhnfithoxy)ethylamme (6.8 g, 45 mmo^) Was added, and the 
reaction was stirred at room tempaature for 17.5 hours. The reaction solution was slowly 
added to water (1.8 L) and stirred for two' hours to form a precipitate, which was isolated 
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by jBltration and washed with cold hexane (200 mL). The solid was dried under rediiced 
pressure for one hour to provide 10.15 g of (2-cMoro-5,6-dimethyl-3-nitiopyridin-4-yl)-[2- 
(pyridin-4-ykaethoxy)ethyl]amine as a yellow solid. An analysis by HPLC indicated fliat 
stinting niatetial and an isomra: were present as impimties. 
5 PartD 

Under a nitrogen atmosphere, digiyme (25 mL) was added to sodium hydride (1 .81 
g, 45^ mmol), which is available as a 60% dispersion in mineral oil, and the mixture was 
cooled to 5 "C. A solution of phenol (4.54 g, 48.2 mmol) in digiyme (50 mL) was added 
dropwiseovorapraiodof ISminutes. Hie reaction became homogeneous afler 15 

10 minutes. A solution of (2-K^io-5,6-dimeQi^-3-mtiopyridin-4-yi)-[2-(pyiidin^^ 

ylmetfaoxy)ei]iyl]amine (10.15 g, 30.14 mmoQ was added, and flie reaction was heated at 
160 **C for 13 hours. An analysis by HPLC indicated flie presence of starting material: 
Additional phenol (3.12 g, 33.2 mmol) was added to 60% sodium hydride (1.24 g, 31,1 
mmol) in digiyme, and the mixture was stirred until it became homogeneous. This 

15 solution was added to the cooled reaction flask, and the reaction was heated at 160 "C for 
9.5 hours. The reaction was allowed to cool to room tenq)erature, and the volatiles were 
removed under reduced pressure to provide a black oil. The oil was dissolved in ethyl 
acetate, and the solution was washed with 1 N potassium hydroxide (3 x) and brine (3 x), 
dried over magnesium sulfete, filtered, and concentrated under reduced pressure. The 

20 crude product was purified by column chiomatogrqjhy on silica gd (ehiting with 80i20 
ethyl acetateAexane) to provide 2.47 gof (2^-dimeai3^-5-nit«)-6-phen(aypyridin-4-34)- 
[2-0?yridinr4-ybiieaioxy)elhyr|amme. 
PartE 

The procedure described in Part F of Example 80 was followed using (2,3- 
25 dimelhyl-5-nitto-6-phenoxypyridin-4-ylH2-(pyridin^yhnethoxy^ 

6.26 mmol) as the starting material. The reaction product, 5,6-dimeth^-2-phenoxy-JV*7[2- 
^yridinr4-yhnethoxy)ethyi]pyridin&-3,4-diamine (1.99 g), was obtained as an amber- 
colored oiL 
PartF 

30 Under a nitrogen abno^here, pyridine hydrochloride (0.013 g, 0.11 mmol) and 

tiiethylorflioformate (1.4 mL, 8.2 mmol) were added to a solution of 5,6-dimethyl-2- 
phenoxy-iV*-[2-(pyridin-4-yhnethoxy)efliyl]pyridine-3,4-diamine (1.99 g, 5.46 mmol) in 
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toluene, and the reaction was heated at 84 ''C for one hour. The volatiles were removed 
under reduced pressure to provide a soKd (2.0 g), which was purified column 
chromatography on siKca gel (70 g,ehitmg with ethyl acetate). The resulting solid was 
dried to yield 1,52 g of 6 J-<Kmethyl-4-phOToxy-l-[2-^yridin-4-yhn^^ 
5 imidazo[4,5-c]pyridm6 as a white solid. 

PartG * 

Ammonium acetate (15 g, 0.19 mol) and 6,7-dimethyl^phenoxy-l-[2-(pyridin-4- 
yhnelhoxy)ethyl]-liy-imidazo[4,5-c]pyrid^^ (1.52 g, 4.06 mmol) were lieated at 155 ''C 
in a sealed tube for 23.5 hours. The solution was allowed to cool to room temperature and 

10 adjusted to pH 14 wiHx the addition of 1 N sodium hydroxide. The solution was extracted 
wifhdichloromethane, and the combined extracts were washed with aqueo;us sodium 
bicarbonate (1 x), water (1 x), and brine (2 x), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide an orange solid The sblid was 
recrystallized &om acetonitrile and fhea fiom 2-propanol to yield 0.407 g of a white solid, 

15 which was fijrther purified by column chromatogr^hy on silica gel (treated witibk 

diethylamine, eluting with 95:5 dichloromethane:methanol). The product was washed 
with water, isolated by filtration, and dried to provide 0241 g of 6,7-dimethyl-l-[2- 
(pyridin-4-ylmeliioxy)e%l]-lff.inudazo[4,5-c]pyridin-4-an^ as a white powder, mp 
195-196 »C. 

■.it- 

20 'HlMR(300Rfflz,I)MSO)58.45(d.J=5.6Hz,2H),7.93(s,lH),7i4(d,J=6^^ 
2H). 5.75 (8, 2H), 4.56 (t, /= 53 Hz, 2H), 4.5 1 (s. 2H), 3,79 (t, 7- 5.3.1kz, 2H), 2.35 (s, 
3H),2.30(8,3H); ' ^ 

MS (APO) f»& 298 (M + H)*; " ( 

AnaL Calcd fiar CieHisNsO: C, 64.63; H, 6.44; N, 23.55; Found: C, 64.42; H, 6.64; N. 

25 23 J 1. 
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Example 85 

l-[5-(4-CWorobenzeaesulfonyl)pentyi]-6,7-dimethyi-2^ropyl-lfl'-^ 

4-amme 



NH2 




5 PartA 

Under a nitrogea atmosphere, triefli3damine (65.0 mL, 475 mmol) was added to a 
solution of 2,4-dicMoio-5,6<lime1hyi-3Htiitropyridine (70.0 g, 317 mmol) in anhydrous 
DMF(760mL), and the reaction was stined for 15 minutes. A solution of 5-amino-l- 
pentanol (35.9 g, 348 mmol) in anhydrous DMF (200 mL) was slowly added over a period 

10 of 2 hours, and the reaction was stirred overnight at room temperature. A white precipitate 
had formed and was removed by filtration. The filtrate was concentrated under reduced 
pressure to provide an orange-red oil, which was dissolved m ethyl acetate (600 mL). The 
solution was washed with water (3 x 60 mL), dried over magnesium sulfete, filtered, and 
concentrated under reduced pressure to provide 96.7 g of an orange solid. The solid was 

15 recrystallized twice &om a mixture of ethyl acetate and hexanes to afford a yellow solid, 

which was isolated by filtration and washed wifli cold hexanes to provide 44.6 g of 5-(2- 

cMoro-5,6-dime%l-3-ni1iopyridin:4-ylanQino)pentan-l-<)l as a yellow soM. 
Parts 

Under a nitrogen atmoq)here, tetrahydrofiiran (THF) (150 mL) was cooled to 0 
20 Sodium hydride (9.30 g, 233 mmol), available as a 60% dispersion in mineral oil, was 
added with stirring. A solution of phenol (21.1 g, 225 mmol) m THF (80 mL) was added 
dn^wise over a period of one hour. A solution of 5-(2-cWorD-5,6-dhnethyl-3- 
nitiopyridin-4-ylamino)pentan-l-ol (44.5 g, 155 mmol) in THF (80 mL) was then added 
dropwise over a period of 40 minutes. The reaction was allowed to warm to room 
25 temperature and heated at reflux overnight An analysis by thin layer chromatognqjhy 
(TLC) indicated fliat the reaction was incomplete. Additional reagent was prepared as 
described above by adding phenol (7.1 g, 75 mmol) to sodium hydride (3.2 g, 80 mmol) in 
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THF (50 inL), and the reagent was added to the reaction solution at room temperature. 
The reaction was heated at reflux overmght and then allowed to cool to room tenip^rature. 
Water (50 nxL) was added, and the solvent was removed mider reduced pressure. The 
aqueous solution was extracted with ethyl acetate. The organic solution was washed with 

5 water(3x)andbxine(l x), dried over magnesium sulj^^filtered, and concentrated m 
reduced pressure to provide the crude product The crude product was purified twice by 
column chromatography on silica gel (elutmg sequentially with 50;50 hexanetethyl acetate 
and 25:75 hexane:e&yl acetate) to provide 40.24 g of 5-(2^-dimethyl-5-nitro-6-phenoxy* 
pyridin-4-3damino)pmtan-l-ol as a yellow oil 

10 Parte I 

. Under a nitrogen atmosphere, a solution of 5-(2,3-dimethyl-5"nitro-6-phenoxy- 
pyridin-4-ylamino)pratan-l-ol (40.24 g, 1 14.6 mmol) in dichloromethane (350 mL) was 
cooled to 0 ®C. Thionyl chloride (12,5 mL, 172 mmol) was added dropwise, and the 
reaction was heated at reflux for one hour. The reaction was cooled to 0 °C, and water 

15 (200 mL) was slowly added followed by solid sodium bicarbonate until the pH of the 
solution was basic. The solvent was partiaUyrmioved under reduced pressure, and the 
aqueous solution was extracted with ethyl acetate (500 mL). The combined organic 
solutions washed with saturated aqueous sodium bicarbonate (3 x SO xnL), water (1 x SO 
mL), and brine (2 x 20 mL), and then, dried over magnesium sulfate, filtered, and 

20 concentrated under reduced pressure tb afford a yellow oil, which oystallized overnight 
The solid was dried for one hour in a vacuum oven at Id^C to provide 40.1 g of (5- 
cMon)penfyl)<2,3Hlimethyl-5-iiitro-^-pheiioxy-pyridi^ as a yellow solid. 

PartD 

A solution of sodium dilMonite (90.5 g, 520 mmol), available as approximately 
25 85% pure sodium hydrosulfite, in water (200 mL) was added to a solution of (5- 

cUoropentyl)-(2,3-dimefhyl-5-nitro-^-phenoxy-pyridin-4-yl)aniine (37.8 g, 104 mmol) in 
ethanol (575 mL), and the mixture was stirred rapidly for five hours. The mixture did not 
become homogeneous, and additional ethanol (200 mL) was added. The mixture 
remained heterogeneous and was separated into two batches. A solution of sodium 
30 difhionite (40 g, 230 mmol) in water (1 50 mL) was partitioned evenly between tiie two 
batches, and the reactions were stirred for an additional hour. An analysis by TLC 
indicated tiiat the reactions were complete. A white solid was removed from tiie reaction 
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nrixtures by ffltradon and was washed wilh methanol. The solvents ware removed under 
reduced pressure, and the residue was partitioned between dichloromefhane (400 mL) and 
water (100 mL). Saturated aqueous sodium bicarbonate was added to the aqueous layer 
untQ it was basic, and the resulting solution was extracted with dichloromethane (2 x 100 
5 mL). The combined organic extracts were washed with brine, dried over magnesium 
sulfate, filtered, and conceutrated under reduced pressure to provide 34.7 g of iV^-(S- 
cUoiopeatyl)-S,6-dimefhyl-2-phenox}^yridine-3,4-diac^ as an orange-red liquid. 
PartE 

Und^ a nitrogen atmosphere, pyridine hydrochloride (4.2 g, 36.4 mmol) was 
10 ad4ed in small amounts to a solution of iV^-(S-chlorop6ntyl)-S,6-<l]methyl-2- 
phenoxypyridme-3,4-diamine (32.4 g, 97.0 mmol) in tohiene (SOO mL). 
Trunethylorthobutyrate (17 mL, 107 imnol) was then added, and the reaction was heated 
at reflux for two hours. The solvent was removed under reduced pressure, and the residue 
was dissolved in ethyl acetate (SOO mL). The solution was washed with water (3 x 80 mL) 
15 and brine (1 x 40 mL), dried over magnesium sulfite, filtered, and concentrated under 
reduced pressure to afford an oil, which was dissolved in hexanes (20 mL) and 
concentrated under reduced pressure to provide an off-white solid. The crude soUd was 
purified by column chromatography on silica gel (eluting with 2:1 hexanerethyl acetate) to 
provide 30.8 g of l-(5-cUoropentyl)-6,7-dimethyl-4-phenoxy-2-propyl-lff-irmd^ 
20 c]pyridine as white crystals. 
PartF 

Under a nitcogen atmosphere, a solution of 4-chlorobenzetiethiol (868 mg, 6.00 
mmol) inDMF (5 mL) was added to amixture of sodium hydride (60% dispersion, 240 
mg, 6.00 mmol) in DMF (1 S mL); the reaction became homogmeous and was stirred for 

25 15 minutes. Solid l-(5-chloropeatyl)-6,7-^elhyl-4-phenoxy-2-pr^^ 

c]pyridme (1.93 g, 5.00 mmol) was added in small amounts, and the reaction was stirred 
for 1.5 hours. Water (25 mL) was added, and the resulting solution was extracted with 
ethyl acetate (3 x 50 mL). The combined extracts were washed with water (5 x 30 mL) 
and brine (2 x 10 mL), dried over magnesium sulfite, filtered, and concentrated under 

30 reduced pressure to provide a colorless oil, which crystallized overnight The solid was 
dried for three hours under high vacuum to provide 2.58 g of l-[5-(4- 
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cWoiophraylsulfenyl)pentyl]-6,7-dimethyl-4-phenoxy^^ 

clpyridine as a sotid. 

PartG 

Under a nitrogea atmosphsre, a solution of l-[5-(4-chIoiophenylsulfanyl)pentyll- 
6,7-^ethyl-4-phenoxy-2-piopyl-lH-imdazo[4^-c]pyridme (2.47 g, 5.00 mmol) in 
chloiofonn (25 mL) was cooled to 0 'C. mCPB A (2.47 g, 1 1 nunol) was added in one 
portion, and iJie cloudy reaction was stirred for 30 minutes at room temperature. The 
volatiles were removed under reduced pressure, and the residue was partitioned between 
etiiyl acetate (300 mL) and saturated aqueous sodium bicarbonate (75 mL). The organic 
layer was washed with saturated aqueous sodium bicarbonate (5 x 30 mL), water (2 x 30 
mL), and brine (2 x 10 mL), and then dried over magnesium sulfite, filtered, and 
concentrated under reduced pressure to provide a soUd. The product was triturated with 
ethyl acetate, isolated by filtration, and dried under high vacuum to provide 2.31 g of l-[5- 
(4H;morobenzenesulfonyl)pentyl]-6,7-^etiiyl-4-phenoxy-2-prop)d-li^imito 

c]pyridine as a white powder. 
PartH 

Ammonium acetate (20.2 g, 0262 mol) and l-lS-iA- 
cWorobeozeaesalfbnyl)peQtyl>6,7-dimethyl-4-phenoxy-2-pr<^yl-lff-in^ 
clpyridine (2.20 g, 4.18 mmol) were stirred at 160 °C in a sealed tube for 18 hours. The 
solution was allowed to cool to room tenq)erature and partitioned between diloroform (50 
mL) and water (25 mL). The aqueous solution was a^usted to pH 11 wiflitiie addition of 
1 M sodium hydroxide and two soUd sodium hydroxide pellets. The aqueous solution was 
then extracted wiA chloroform (4 x 50 mL). The combined organic solutions were 
washed with 1 M sodium hydroxide (2 x 25 mL), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to provide the crude product as a tan foam. The 
crude product was purified by column chromatogr^hy on silica gel (eluting wifli 94:5:1 
dichloromethane:methanol:tiiefliylamine) to provide a product that was impure as 
determined by HPLC analysis. A second purification by column chromatography on silica 
gel (eluting with 96:3:1 dichloromethane:meflianol:triethylamine) also resulted in inq)ure 
material The solid was recrystallized firom acetonitrile, and the crystals were isolated by 
filtration, washed with cold acetonitrile and ethyl acetate, dried under high vacuum to 
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provide 0.53 g of l-[5-{4-cUorobenzenesulfonyl)pentyl]-6,7-dimeft^^ 
iimdazo[4,5-c]pyridin-4-ainine as wMte needles, mp 147.0-149.0 *^C, 

NMR (300 MHz, CDCh) 5 7.83 (d, J- 8.6, 2H), 7.55 (d, J= 8.6, 2H), 4.82 (br s, 2H), 
4.17 (dd,J=7.7,7.7,2H), 3.07 (dd,J=7.8,7.8, 2H), 2.72 (dd, J= 7.7, 7.7, 2H), 2.43 (s, 
3H), 2.39 (s, 3H), 1.95-1.65 (m, 6H), 1.55-1.42 (m, 2H), 1.05 (t, /= 7.4, 3H); 
MS(APCa)in/fe449(M)*; 

AnaL Calcd for C22H29CIN4O2S: C, 58.85; H, 6.51; N, 12.48; Found: C, 58.79; H, 6.50; 
N, 12.29. 

l&can^les 86-88 

The general mettiods described in Example 85 were used for Examples 86-88. The 
thiol selected in lieu of 4-chlorobenzenethiol in Part F of Example 85 is shown in the table 
below for Examples 86-88. The isolation of the final products is described below. 




o 



Bxaiiq>le Number 


Thiol 


R 


86 


4-tri£liKm>mefhyl^(^heiiol 




87 


2-inerc^topyridine 




88 


tibiophBnol 


0 
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.V ■ . 

B)canq>le86 ;\ 

'V. 

6,7-IMmethyl-2-propyl-l-{5-[4<trifluorom 

inudazo[4,S-c]pyridmr4-amine 
Ammoniimi acetate (6,25 & 81.1 mmol) and 6 J-dimettiyl-4-plieiioxy-2-piopyl-l- 
5 {5-[4-(trmuoromeihyi)benzeaesulfonyl]p^ (0.70 g, L25 

mmol) were used as described in Part H of Example 85. The reaction solution was 
partitioned between chloroform (75 mL) and 1 k sodium hydroxide (75 mL). The 
aqueous solution was extracted with chloroform (2 x 75 mL). The combined organic 
soMoBs were washed with 1 M sodium hydroxide (4 x 30 mL) and brine, dried, filt^ed, 
, 10 andconcentrated as described in Example 85. The crude product was purified by column 
chromatography on silica gel (eluting sequentially with 99:1:0.1 
dichloromettiane:methanol:aimnonium hydroxide and 94:6:0.1 

dichloromethane:methanol:aimnoiuum hydroxide) to provide a product that was impure as 
determined by nuclear magnetic resonance (NMR) spectroscopy analysis. The solid was 

15 dissolved in hot 2-propanol and treated with one equivalent of a 1 M solution of 

hydrochloric acid in diethyl ether. Chloroform and water were added, and the aqueous 
layer was extracted with chloroform (3 x). The combined organic solutions were dried 
over sodium sulfite, filtered, and concentrated under reduced pressure to provide a solid. 
The solid was stiried with 2-propanol, isolated by filtration, washed with cold 2-propanol, 

20 and dried under high vacuum. The solid was then dissolved in dichlorom^hane (100 mL), 
and the resulting solution was Wished with IM sodium hyd^ Thebasic 
solution was extracted with dichioromethane (2 x 30 mL), and the combined extracts were 
dried over sodium sulfite, filtered, and concentrated under reduced pressure to provide 
198 mg of 6,7-<iimethyl-2-propyl-l-{5-[4-(tiifluoromethyl)benz^ 

25 imidazo[4,5-c]pyridm-4-amine as a white powder, mp 172.0-173.5 **C. 

NMR (300 MHz, CDCI3) 8 8.04 (d, J= 8.6, 2H), 7,85 (d, 8.6, 2H), 4.82 (br s, 2H), 
4.18 (dd, J- 7.7, 7.7, 2H), 3.10^dk, J= 7.8, 7.8^ 2H), 2.73 (dd J- 7.7, 7.7, 2H), 2.43 (s, 
3H), 2.39 (s, 3H), 1.96-1.65 (m,'eH), 1.58-1.43 (m, 2H), 1,05 (t, J= 7.4, 3H); 
MS(APa)m/fe483(M4flf; ' ^ 

30 Anal. C3M&>tCy{^^AP7^:ic, 57,25; H, 6.06; H 11.61; Found: C, 56.75; H, 6.20; 



N, 11^5. 
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Bxample 87 

6,7-Dimetoyl-2-prop5d-l-[5-(pyridine-2-sulfonyl)pentyl^^ 

amine 

The crude product (2.47 g), obtained after the oxidation procedure as described in 
5 Part G of Bxao^le 85, was purified by column chromatogr^hy on silica gel (eluting 
sequentially with 2:1 ethyl acetateOiexane and 4:1 ethyl acetate:hexane to provide 1.86 g 
of6J'toethyl-4i)hcnoxy^2-piopyl-l-[5-(pyridine-2-sul&nyl)pei^ 

c]pyridine as a white solid. 

Ammonium acetate (15 g, 0.20 mol) and 6,7-dimethyl-4-phenoxy-2-propyl-l-[5- 

10 ^yridine-2-sulfonyl)peiityl]-lH-imidazo[4,5-c]pyridine (1.54 g, 3.13 nmiol) were heated 
at 160 "C in a sealed tube for 16 hours. The sohition was allowed to cool to room 
tenq)erature and partitioned between chloroform (30 mL) and 1 M sodium hydroxide (30 
mL). The aqueom solution was Ihen extracted with cMorofonn (3 X 30 BoL). The 
combined organic solutions were wa^ed, dried, filtered, and ccmcentrated as described in 

15 Example 85 to provide 1 .47 g of an off-white foam. The crude product was recrystallized 
fiom acetonitrile to provide 672 mg of 6,7-dimetiiyl-2-propyl-l-[5-(pyridin&-2- 
sul&nyl)paityl]-l/^innda2»[4,5-c]pyridin-4-aniine as a white powder, mp 143.0-144.5 

•C. 

*H NMR (300 MHz, CDOs) 5 8.74 (ddd, J= 4.6, 1.7, 1.1, IH). 8.08 (ddd, J= 7.8. 1.1, 
20 1.1, IH), 7.98 (ddd, J=7.8, 7.5, 1.7, IH), 7.55 (ddd, /= 7.5, 4.6. 1.1, IH). 4.80 (br s. 2H). 
4.18 (dd,y«7.7, 7.7, 2H), 3.40 (dd, J=7.7, 7.7, 2H), 2.73 (dd,/=7.7, 7.7, 2H), 2.43 (s, 
3H), 2.40 (s, 3H), 1.95-1.68 (m, 6H), 1.60-1.48 (m, 2H), 1.05 (t, J= 7.4, 3H); 
MS (APCa) m/z 416 (M+H)*; 

Anal. Calcd for CaiHiiiNsOaS: C, 60.70; H, 7.03; N, 16.85; Found: C, 60.54; H, 6.97; N, 
25 16.76. 

Bxample 88 

l-[5<Benzenesnlfonyl)pentyll-6,7-dimethyl-2-propyl-lff-iimdazo[4,5-c]pyridin-4- 
Ammonimn acetate (18 g, 0.23 mol) and l-[5-(benzenesulfonyl)penlyl]-6,7- 
30 dimethyl-4-phenoxy-2-propyl-lH-imidazo[4,5-c]pyridine (1.74 g, 3.54 mmol) were heated 
at 165 in a sealed tube for 8 hours with stirring. Following the work-up, an analysis by 
NMR indicated that starting material was present; additional ammonium acetate was 
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added (18 & 0.23 mol), and the reaction was continued ovendght at 160 The solution 
was allowed to cool to room temperature and partitioned between chlorofonn (100 mL) 
and 1 M sodium hydroxide (75 mL). Followihg the work-up, flie crade product (1.37 g) 
was purified by column cluomalognphy on silica gel (eluting ynth 97:3:0.1 ^ 

5 dicUoiom6tl)aae:metiianol:amnu>mum hydroxide) and then ^ , 
acetonitrile to provide 0.715 g of l-[5<bCTzmesulfonyQpeiityl]-6J-dime&yl-2-pi^ 
lH'-imidazo[4,5-c]pyridin-4-anune as a white powder, mp 134.0-136.0 **C with ^phase 
change at 122-125 "C. ■; , ' ' 

'HNMR (300 MHz, CDCI3) 5 7.89 (4 /= 7.7, 2H), 7.67 (t, 7= 7.7, IH), 7.57 (t, 7.7, 

10 2H), 4.80 (br s, 2H), 4.16 (dd, /= 7.8, 7.8, 2H), 3.08 (dd, J= 7.7, 7.7, 2H), 2.72 Old, J= 
7.7, 7.7, 2H), 2.43 (s, 3H), 2.39 (s, 3H), 1.91-1.65 (m, 6H). 1.53-1.41 (m, 2H), 1.05 (t, J= 
7.3, 3H); MS (APCI) m/z 415 (M+H)*; 

AnaL Calcd for C22H30N4O2S: C, 63.74; H, 7.29; N, 13.51; Found: C, 63.77; H, 7.57; N, 
13.55. '1 

15 



206 



wo 03/103584 



PCTAJS03/17659 



Example 89 

144-(Methanesulfonyl)buiyl]-6J-^ 




5 PartA 

Triethylaxnine (18,9 g, 136 mmol) was added to a solution of 2,4-dichloio-5,6- 
dimethyl-S^tropyiidme (25 g, 113 imnol) in JVjAT-dimethylfen^ (100 xnL). 4- 
Aminobutan-l-ol (1 1 -1 g, 124. mmol) was added witibi a syringe and the reaction mixture 
was allowed to stir mider a nitrogen atmospha:e at ambient temperatore for 17 homs. A 

10 portion (85 mL) of the solvent was rraioved mider reduced pressure. The residue was 
diluted with ethyl acetate (200 mL), washed with water (2 x 50 mL) thai with brine (75 
mL), dried over magnesium sulfate, filtered and then concentrated under reduced pressure 
to provide a solid. This material was recrystallized fix)m ethyl acctate/hexanes to provide 
15.07 g of 4-[(2-cMoro-5,6-dimethyl-3-mtropyridin-4-yl)amino] as yellow 

15 powda:. An additional 5.70 g was isolated from the mother liquor. 
Parts 

Sodium hydride (4.38 g of 60% dispersion in mineral oil, 109.6 mmol) was added 
to chilled dioxane (73 mL). Phenol (10.31 g, 109.6 mmol) was added in portions with 
cooling. 

20 4-[(2-CMoro-5,6^3Bmethyl-3-mtropyridin-4-^^^ (20.00 g, 93.07 mmol) 

and additional dioxane (-30 mL)wCTe added. The reaction mixture was heated at reflux 
for 3 hours and then aUowed to stand at ambient teinperatureovem Thereaction 
mixture was concentrated under reduced pressure. The residue was diluted with water 
(200 mL) and then extracted with ethyl acetate (300 mL). The CTtract was washed wifli 

25 water (2 x 100 mL) thai with brine, dried over magnesium sulfate, filtered and then 
concentrated under reduced pressure to provide an oil The oil was purified by flash 
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chiomatogr^liy (600 mL of silica gel, eluting initially with 2000 mL 1 :3 ethyl 
acetate-Jhiexanes, thoa with 2000 mL 1:1 ethyl acetate:hexanes and finally with 1000 mL 
3:1 ethyl acetate: hexanes) to provide 13.46 g of 4-[(2^-dimethyl-5-mtio-6- 
phenoxypyridiri-4-yl)ainino]butan-l-ot as a yellow solid. 
Parte 

Thionyl chloride (3.14 mL, 43 mmol) was added over aperiod of 5 mmutes to a 
chilled (0 ^C) solution of 4-[(2,3-dimethyl-5-mtro-^-phenoxypyridin-4-yl)ain^ 
ol (12.95 g, 39.08 mmol) in dichlorometitane (130 mL). The reaction was allowed to 
warm to ambient temperature and was stirred overnight imder a nitrogen atmosph^. The 
reaction mixture was diluted with dichloromettiane (130 mL), washed sequentially with 
saturated aqueous sodium bicaibonate (2 x 65 mL), water (80 mL) and brine (100 mL), 
dried over magnesium sulfate, filtered and|;then concentrated under reduced pressure to 
provide 12.57 g of i\K4-cUor6butyl>2,3-d^ as a 

yellow solid. 
PartD 

A solution of sodium dithionite (35 .13 g, 171.5 mmol), available as approximately 
85% pure sodium hydrosulfite, in water (130 mL) was added to a mixture of 7V^(4- 
cMorobutyl>23-dimethyl-5-nitro-6-phendxypyridin-4-amm (12 g, 34 mmol) and ethanol 
(340 mL). The mixture was stirred for 1 .5 hours. Analysis by thin layer chromatography 
indicated that the reaction was not complete. Solid sodium dithionite (5 g) was added and 
the reaction was allowed to stir for an additional 3 hours. The reaction mixture was 
filtered to remove solids. The filtrate was concentrated under reduced pressure until -50 
mL of solvent remained. The residue was diluted with dichloromefhane (300 mL), washed 
sequentially witii aqueous sodium bicaibonate, water and brine, dried over magnesium 
sulfite, filtered and then concentrated under reduced pressure to provide 9.5 g of JV*-(4- 
cWorobutyO-5,6-dimefhyl-2-phenoxypyridine-3,4-diarnine as a brown oil. 
PartE 

The oil fiom Part D was combmed witti toluene (90 mL), trimethyl orthobutyrate 
(6.04 mL, 148 mmol), and pyridine hydrochloride (0.9 g). The reaction mixture was 
heated at reflux for 30 minutes; trunethyl orthobutyrate (1 mL) was added and tiie reaction 
mixture was heated at reflux for 1.5 hr and then allowed to cool to ambient temperature. 
The reaction mixture was diluted wifli ethyl acetate, washed sequentially with water and 
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brine, dried over magaesium sulfate, filtered and then concentrated under reduced 
pressure. The residue was purified by flash chromatogrs^ihy (silica gel elutmg with 1 :4 to 
1:1 ethyl acetate:hexanes) to provide 5.44 g of l-(4-chlorobutyl)-6,7-dimethyl-4-phenoxy- 
2^nx>pyl-lfl'-imidazo[4,5-c]pyridine. 
5 PartF 

Sodimn thiometiboxide (0.927 g, 13.2 mmol) was added to a solution of l-(4- 
diloiobutyl)-6,7-dinicthyi-4-phenoxy-2-prop^-ljff-im & H-O 

nmol) in A;i\MimethylfQtmartiide (30 mL). The reaction mixture was stirred under a 
mtrograi atmosphoce at ambient tempaature for 75 minutes. Sodium thiometti0xide (0.08 

10 g) was added and the reaction was stinBd for an additional 105 rninutes. The reaction 
mixture was diluted with ethyl acetate (300 mL), washed sequentially with water (3 x 50 
nflL) and brine (50 mL), dried over magnesium sul&te, filtered and then concoitrated 
under reduced pressure to provide 4.53 g of 6,7-dmiethyi-l-[4-(methanefhio)bnt3d]-4-. 
phenoxy-2-propyl-lfl"-imidazo[4,5-c]pyridinB as a brown oil that solidified after a few 

15 hours. 
PartG 

3-Chloropeioxybenzoic add (2.72 g of 77%) was added to a diilled (0 °C) solution 
of the material from Part F in dichloromethane (55 mL). A short time later more 3- 
chloroperoxybenzoic acid (2.72 g of 77%) was added and flie reaction mixture was stirred 
20 at 0 for 30 minutes. The reaction mixture was diluted with dichloromethane (250 mL), 
washed sequentially with aqueous sodium bicarbonate (2 X 100 mL), water (100 mL) and 
brine (100 mL), dried over magnesium sulfiite, filtered and then concentrated under 
reduced pressure to provide a pink oil. The oil was dissolved in dichloromethane, diluted 
wilh ethjd acetate and hexanes, and tiien concentrated iinder reduced pressure until a 

25 precipitate formed. The precipitate was isolated by filtration, washed with 1:1 ethyl 
ac^e: hexanes (40 mL), and dried under hi^ vacuum to provide 3.84 g of l-[4- 
(methanesalfonyObutyl]-6,7-diniethyl-4-phenoxy-2-propyl-lir-imidazo[^^^ 

awhitesoUd. 
PartH 

30 Ammonium acetate (45.24 g) and l-[4-(methanesulfonyl)butyl]-6,7-dimefihyl-4- 

phenoxy-2-propyl-lff-muda2o[4,5-c]pyridine (3.77 g, 9.07 mmol) were combmed and 
heated at 160 "C for about 19 hours. The reaction mixture was allowed to stand at ambiejrt 
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temperature far 2 days. The reaction mixture was partitioned between dichloromethane 
(300 mL) and water. The layers were separated. The aqueous layer was made basic with 
5% sodium hydroxide and then extracted with didilonMtnethane (2 x 100 mL). The 
combined organics were washed with aqueous 5% sodium hydroxide, dried over sodiran 

5 sulfite, ffltered and tiien concentrated under reduced pressure to provide a ydiite solid. 
This malaial was recrystallized from acetraiitrile to provide ~2gofa white solid. This 
material was fiirther purified by flash chromatogr^hy (silica gel, ehiting sequentially with 
1 % meflianol in dichloromethane containing 0.1 % ammonium hydroxide, 2 % methanol 
in dichloromefliane containing 0.1 % ammonium hydroxide, 4 % mefiianol m 

10 dichloromethane containing 0.1 % ammonium hydroxide and 10 % medianol m 

dichloromethane containing O.I % ammonium hydroxide) to provide a white solid. This 
material was recrystallized fi^om acetonitrUe and dried under high vacuum at 60 "C to 
provide 1.3 g of l-[4-(metiianesulfonyl)butyl]-6,7-dimethyl-2-propyl-lfr-imidazo[4,5- 

c]pyridin-4-amine as white needles, mp 152.0-153.0 "C. 
15 NMR (300 MHz, CDCI3) 8 4.82 (br s, 2H), 4.25 (m, 2H), 3.03 (t, 7= 6.9 Hz, 2H), 2.92 

(s, 3H), 2.76 (m, 2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.00-1.81 (m, 6H), 1.07 (t, J= 7.5 Hz, 

3H); "C NMR(75 MHz, CDCI3) 5 153.0. 148.2, 146.5, 138.8, 1252, 103.9, 53.7, 43.8, 

40.8, 30.4, 293, 21.9, 21.2. 19.1, 13.9, 12^; 

MS (APCO m/z 339 (M + H)*; 
20 AnaL Calcd for Ci«H2602N4S: C, 56.77; H, 7.74; N, 16.56; S, 9.47. Found: C, 56.46; H. 

7.67; N, 16.36; S,9Ji9. 
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Example 90 

l-[3-(Methaiiesulfonyl)propyl]-6J-dimefliyl-2-^rop^^^ 




O 



5 

Part A 

Using the general me£hod of Exanq)le 89 Part A, 3-aniinopropan-l-ol (9.52 inL> 
124 nimol) was reacted with 2,4-dichloro-5,6-diniethyl-3-mtropyridine (25 g, 113 mmol) 
to provide 17. 35 g of 3-[(2K5hloro-5,6-d3methyl-3-mttop3ddin-4-yl)amino]propan-l-ol as 
10 a yellow solid. 
PartB 

Sodinm hydride (7.80 g of a 60% dispersion in mineral oil, 195 mmol) was added 
in portions to a chilled (0 °C) solution of phenol (18.36 g, 195 mmol) in tetrahydrofiiran 
(200 mL). After the addition was completed the reaction mixture was allowed to stir at 

15 ambient temperature for 30 minutes. Solid 3-[(2-chloro-5,6-dimethyl-3-nitropyridin-4- 
yOamino]propan-l-ol (16.89 g, 65.0 mmol) was added and the reaction mixture was 
heated at leflnx for 5 days. The reaction naaxtare was concentrated under reduced 
pressure. The residue was partitioned between e&yl acetate (400 mL) and water (100 
mL). The organic layer was sq)arated, washed with biine, dried over sodium sulfole, 

20 filtered and Ihen concentrated under reduced pressure. The residue was purified by flash 
chromatography (500 mL silica gel eluting witti a gradient of 30 - 75% ethyl acetate in 
hexanes) and then heated under hi^ vacuum until it melted. The mcJt solidified to 
provide 11.54 g of 3-[(23-dimethyl-5-nitro-6i)henoxypyridin-4-3d)amino]propan-l-oL 

PartC 

25 TMonyl chloride (2.86 mL, 39.2 mmol) was added to a drilled (0 "Q solution of 3- 

[(2,3-dimethyl-5-nitro-6-phenoxypyridin-4-yl)ammo]propaa-l-ol (11.3 g, 35.6 mmol) in 
dichlotomethane (170 mL). The reaction mixture was stirred at ambient temperature for 
0.5 hr and then heated at reflux for 0.5 hr. The reaction mixture was allowed to cool to 
ambient temperature. A precipitate was isolated by filtration and then dried under vacuum 
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to provide 13.64 g of JVK3-cMoropropyl)-2,3-dimethyl-5-mtro-6-phenoxy^ 

hydrocliloride. 

PartD 

iSr-(3-clilorppropyl>2,3-dimethyl-5-mtK)-6- hydrochloride 
5 (12.62 g, 33.72 mmol), l,l*-di-n-<>ctyl-4,4'-bipyridimmn dibromide (dioctyl viologen) (910 
mg, 1.69 mmol), dichloromethane (227 mL), water (28 ml) and potassimn caibonate 
(2.33 g, 16.9 mmoO ware added sequentially to a 1 L round bottom flask. The reaction 
mixture was allowed to stir under nitrogm. A solution of of potassiuin carbonate (23.30 g, 
168.6 mmol) and sodium difluonite (26.42 g, 174.1 mmol) m water (114 mL) was added to 
10 the reaction mixture. The reaction mixture was heated at reflux for atout 2.5 hr and thm 
allowed to cool to ambient temperature. The layers were separated: .The aqueous layer 
was extracted with dichloromeflhane (100 mL). The combined orgamcs wore dried over 
sodimn sulfiite, filtered and then concentrated undo: reduced pressure to provide JV*-(3- 
cMoropropyi)-5,6-dimethyl-2-phenoxypyridine-3,4-diamine as a brown sludge. This 
15 material was used directly in the next step. 
PartE 

Using the general method of Example 89 Part E, the material firom Part D was 
reacted with trimethyl orthobutyrate (6.48 mL, 40.5 mmol) and punfif d to provide 9.10 g 
of H3-clitonqm>p3d)-6,7-dimefli)d-4i?henoxy-2-propyi-lf^n^ as a 

20 white solid. ^ f v^ 

PartF '•• 

Ufflmg the genwal m^hod of Bcample 89 Part F, l-^-chloropiopyl)-6,7-dimeai)i- 
4-irf[ienoxy^2-^rop5d-lfl^Mdazo[4,5-^]pyridiiie (4 g, 11,2 mmol)) was reacted witlx 
sodium thiomethoxide (0.940 g, 13.4 mmol) to provide 3.54 g of 6,7-dimeth3d-l-[3- 
25 (methaneflno)pn)pyl]-4-pheno3cy-2-propyl-lfr-imidazo[4^]pyiidiii as a \(4ite solid. 
PaitG 

Using the general method of Example 89 Part G, 6,7-dimethyl-l-[3- 
(mediylthio)piopyl]-4-phenoxy-2-propyl-lfl'-imidazo[4,5-c]pyiidine (3.41 g, 9.23 mmol) 
was oxidized to provide 2.39 g of l-[3-(methanesulfonyl)propyl]-6,7-dimethyl-4-pheaoxy- 
30 2-prop;^-Lff-imidazo[4,5-c]pyiidine as a white solid. 
PartH 
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Using the general method of Example 89 Part H, l-[3-(methanesulfonyl)propyl]- 
6,7-dimethyl-4-pheaoxy-2-piopyl-lJy-imidazo[4,5-c]pyridme (2.1 g, 5.23 mmol) was 
reacted with ammonivim acetate (25 ^ and purified to provide 1.14 g of l-[3- 
(methanesulfonyl)propyl]-6J-4imethyi-2-propyl4Jif-iimdazo[4,5-<]p^ 
5 white needles, mp 153.5-155.0 »C. NMR (300 MHz, CDClj) 5 4.83 (br s, 2H), 4.48- 
4.42 (m, 2H), 3.07 (t, J= 7.1 Hz, 2H), 2.95 (s, 3H), 2.82-2.77 (m, 2H), 2.45 (s, 6H), 2.35- 
2.25 (m, 2H), 1.94-1.81 (m, 2H), 1.07 (t, J= 7.3 His, 3H); "C NMR (75 MHz, CSXHa) 8 
153.2, 1483, 147.1, 138.9, 125.4, 104.0, 51.2, 42.9, 41.3, 29.5, 24.3, 22.1, 21.5, 14.0, 
13.1; 

10 MS(APC])m/z325(M+H)^ 

AnaL Calcd for CisSsaWS- C, 55.53; H, 7.46; N. 17.27; S, 9.87. Found: C, 55.53; H, 
7.44; N, 17.27; S, 9.90. 

Example 91 

15 l-[6-(Nlethanesulfonyl)hexyl]-6,7-dimethyl-2-propyl-lF-iimdazo[4,5-icte 




Part A 

20 the general meOiod of Example 89 Part A, a-aminobexan-l-ol (15.91 g, 

135.7 mmol) was reacted wilt 2,4-dichloK)-5,6-dimetlqrl-3-mtropyiidine (30 g, 136 mmol) 
to provide 14.79 g of 6-[(2-cMoro-5,6-dimea^-3-nitropyridinr4-yl)ainino]hexan-l-ol as a 
yellow soUd. 
PartB 

25 Using the general method of Example 90 Part B, 6-[(2-chloro-5,6-dimefliyl-3- 

mtropyridin-4-yl)amino]hexan-l-ol (14.00 g, 46.39 mmol) was reacted witti sodium 
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phenoxide to provide 12.40 g of 6-[(23-dimethyl-5-nitro-6-phenoxyp5^din-4- 

yl)a]ximo]hexaa-l-6l as a yellow powder. 

Parte 

Using the general method of Exanqile 89 Part C, 6-[(2,3-dimefliyl-5-nitro-6- 
5 plifinoxypyridm-4-yl)anmio]hexanrl-ol (11.97 g, 33.30 mmol) was chlorinated to provide 
12.24 g of W^-(6-chlorohexyi)-23-^eaiyl-5-nitro-6-ph as a yellow 

solid. 
PartD 

A solution of sodium di&ionite (24.01 g, 137.9 mmol) in water (90 mL) was added 
10 to a mixture of N-<6rchloroliexyl)-2,3-<iimethyl-5-nitiX)-6-^ (10.42 
g, 27.58 mmol) and efhanol (276 mL). After about 4 hours sodium dithionite (6.71 g) m 
water (20 mL) was added to the reaction mixture. About 1 hour later tetrahydrofuran (100 
mL) was added. When analysis by thin layer chromatogr^hy indicated that the reaction 
was complete, the reaction nmrture was filtered to remove solids. The solids were rinsed 
15 withethanol. The rinses and the filtrate were concentrated under reduced pressure. The 
residue was diluted with toluene (200 mL) and then concentrated under reduced pressure 
to remove the bulk of the solvent The residue was partitioned between ethyl acetate (200 
mL) and water (50 mL). The aqueous layer was separated, combmed with saturated 
aqueous sodium bicarbonate to adjust to pH 8 and then extracted with ethyl acetate. The 
20 combined organics were washed with brine (100 mL), dried over sodium sulfite, filtered 
and then concentrated under reduced pressure. The residue was combined with toluene 
and then concentrated under reduced pressure to provide 12.12 g of JV^-<6-chlorohexyl> 
5,6H3imefhji-2-phenoxypyridine-3,4-dianDJne. 
PartE 

25 Using the general method of Example 89 Part E, the material 6om Part D was 

reacted with trimethyl orfhobutyrate (4.86 mL, 30.3 mmol) and purified to provide 2.4 g of 
l<6-chlorohexyl)-6,7-dimethyl-4-phenoxy-2-propyl4F-im as an off- 

white solid. ^ 
PartF 

30 Usmg the general method of Example 89 Part F, l-(6-chlor6hexyl)-6,7-dmiethyl-4- 

phenoxy-2-propyl-lfl-mudazo[4,5-c]pyridine (2.0 g, 5.0 mmol) was reacted witii sodium 
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tbiomeflioxide (0.421 g, 6.00 mmol) to provide 2.17 g of 6,7-dimetiiyl-l-[6- 
(methandMo)hexyl]-4-phenoxy-2-propyl-lir-imidazo[4,5^^^ as a yellow oil 

PartG 

Using flie general method of Example 89 Part G, the material form Part F was 
5 oxidized to provide ~ 1 g of l-[6-(methanesulfonyl)hexyl]-6,7-dimethyl-4-phenoxy-2- 
piopyl-lfl"-imidazo[4,5-c]pyridiD!e as a colorless oil 
PartH 

Using the general method of Exanq>le 89 Part H, Uw material form Part H was 
reacted with ammonium acetate (1236 g) and purified to provide 0.37 g of l-[6- 
10 (melhanesalfonyl)hexyi]-6 J-^elhyl-2-propyl4Jy-imidazo[4,5-c]^ as off 

wiiite crystals, mp 157.0-158.0 »C. 

»H NMR (300 MHz, CDCI3) 5 4.81 (br s, 2H), 4.1 8 (m, 2H), 2S9 (m. ZH). 2.89 (s. 3H). 
2.76 (m, 2H), 2.44 (s, 3H). 2.42 (s, 3H), 1.93-1.71 (m, 6H). 1.57-1.40 (m. 4H). 1,07 (t, J= 
7.5 Hz, 3H); '^C NMR (75 MHz, CDCI3) 8 153.3. 148.1, 146.6, 139.1, 125.4, 104.2, 54.4, 
15 44.5, 40.6, 31.6, 29.5, 28.1, 26.1, 22.1, 21.4. 14.0, 13.0; 
MS (APCI) m/z 367 (M + H)*; 

AnaL Calcd for CigHsoOiNAS: C, 58.98; H, 8.25; N, 15.29; S. 8.75. Found: C. 58.85; H, 
8.55; N, 15.34; S, 8.75. 
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■i ■ 

Bxaxnple 92 
l.[5-(4.Iliiorobenzenesulfbayl)pentyl]-6,^ 



4-amme 

NH2 




Part A 

The preparation of 5-(2--cWon)-5,6-dimethyl-3-mtropyridin-4-ylair^ 
was described in Part A of Example 85. Under a nitrogen atmosphere, cerium (III) 
chloride heptahydrate (8.08 g, 21.7 mmol) and sodium azide (5.64 g, 86,8 mmol) were 
added to a solution of 5-(2K;Uoro-5,6-dimethyl-3-mtropyridin-4-ylamino)pentan-l-o^ 
(12.48 g, 43.38 mmol) in a 9:1 mixture of acetonitrile and water (145 mL). The reaction 
was stirred and heated at reflux for two days then allowed to cool to room temperature. A 
precipitate was removed by filtration and washed with acetonitrile. The filtrate was 
concentrated under reduced pressure to provide 12.13 g of 5-[(5,6-dimefliyl-8- 
mtrotetrazolo[l,5-^]pyridin-7-^)aniiao]pentan-l-ol as a yellow solid. 
PartB 

Using the general method described in Part C of Exanq)le 85, 5-[(5,6-dmiethyl-8- 
nitrotetrazolo[l,5-^]pyridin-7-yl)anuno]pentan4-<)l (12.1 g, 41.2 mmol) was converted to 
13.3 g of (5K5Woropentyl)-5,6-dimeth54-8-nitrotetrazolo[l,5-^]p ^ch 
was isolated as a dark brown semi-solid. 
PartC 

Under a nitrogen atmosphere, a solution of potassium carbonate (28.46 g, 205.9 
mmol) and sodium dithionite (32.26 g, 185.3 nunol) in wata: (100 mL) was added 
dropwise to a solution of the material fix)m Part B (13.8 g, 42 mmol) and dioctyl viologen 
(1.17 g, 2.06 imnol) in dichloromethane (275 mL) and water (35 mL). The addition funnel 
was rinsed with additional water (37 mL), which was added to the reaction. The reaction 
was heated at reflux for three hours. The aqueous layer was extracted with 
dichloromethane (3 x 50 mL), and the combined organic solutions were dried over sodium 
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sulfete, filtered, and concentrated under reduced pressure to provide 11.5 g of JV'-CS- 
cMoropent3d>5,6-dimethyl-tetrazolo[l,5-a]pyddine-7,8-diamme as a brown solid. 

PaitD 

The general method described in Part E of Example 85 was used to convert N'-iS- 
5 chloropeirt3d>5,6^Jimethyl-tetra2»lo[l,5wi]pyridin6-7.8-diamine (1 1.5 g, 40.7 mmol) to 7- 
(5^;Moropentyl)-5,6-dimethyW-propyl-7Jy-imidazo[4,5-c]tetrazolo[l,5-afe^ The 
crude product was purified by colunm chiomatogn^jhy on silica gel (eluting sequentially 
wifli 3:1 ethyl acetateAexane and efliyl acetate) to yidd a yellow solid, which was 
recrystallized from ethyl acetateJiexane to provide 92 g of the product as a white solid. 
10 Parts 

The general method described in Parts F and G of Exaiiq)le 85 was used to convert 
7-(5<Moropentyi>5,6HJimethyl-^-ptop3d-7ir-inudazo[4,5-<:]tetr^ 
g, 5.0 mmol) to 7-[5<4-fluorobeiizmesulfoiiyl)pent^]-5,6-dimethyi-8-pK>p34-7H- 
imidazo[4,5-c]tetra2olo[l,5-a]pyridine. 4-Fluorobenzraiefldol was used in liea of 4- 
15 chlorobenzenefliioL Following the oxidation with mCPBA, the crude product was purified 
by column chromatography on silica gel (eluting with ethyl acetate) to yield 1.71 g of the 
pure product as a white solid. 
PartF 

A inixture of 7-[5-<4-fluorobenzenesulfony^pentyl]-5,6sJimethyi-8-propyl-7/?'- 
20 imidazo[4,5-c]tetrazolo[l,5-fl]pyridine (1 .61 g, 3.51 mmol), trifluoroacetic add (15 mL) 
and platinum (EV) oxide were added to a Parr vessel and agitated under hydrogen pressure 
(50 psi, 3.4 X lO' Pa) for two days. The reaction mixture was filtered through a layer of 
CELITE filter aid, and Has filter cake was washed with methanol. The filtrate was 
concentrated under reduced pressure, and the black residue was stirred in concenh^ 

25 hydrochloric add (10 mL) for IJ hours. The sohition was treated with 1 N aqueous 

sodium hydroxide (100 mL) and solid sodium hydroxide until flie sohition exhibited a pH 
of 14. The solution was extracted with chlotofiMm (3 x 80 mL), and the combmed extracts 
w«ce dried over sodium sulfete, filtered, and concentrated under reduced pressure to 
provide 1.8 g of liie crude product as a white foam. The aude product was purified by 

30 column chromatogrs^hy on silica gel (eluting with 98:2 diloroformmethanol) and 

recrystallized from ethyl acetate:hexane. The solid was triturated with ethyl acetate and 
dried at 70 "C in a vacuum oven overnight to provide 0.57 g of l-[5-(4- 
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fliiorobenzeaesulfonyl)peirtyl]-6,7-<Kme& 
as a white powder, mp 130.0-132.0 

^HNMR (300 MHz, COas) 5 7.94'7,88 (m, 2H), 7.29-7.20 (m, 2H), 4.81 (br s, 2H), 4.17 
(dd, 7.7, 7.7, 2H), 3.07 (dd, J= 7.7, 7.7, 2H), 2.73 (dd, J= 7.7, 7.7, 2H), 2.43 (s, 3H), 
5 2.40 (s, 3H), 1.91-1.69 (m, 6H), 1.54-1.43 (m, 2H), 1.05 (t, /= 7.4, 3H); 
MS (APO) m/z 433 (M+H)''; 

Anal. Calcd for C22H29FN4O2S: C, 61.09; H, 6.76; N, 12.95; Found: C, 61.05; H, 7.04; N, 
13.00. 

10 Example 93-96 

The general methods described in Example 92 were used for Examples 93-96. The 
reagent selected in lieu of 4-chlorobenzene11iiol in Part E of Example 92 is shown in the 
table below for Examples 93-96. The oxidation products from Part E were purified by 
trituration with ethyl acetate. A description of the isolation of the final compounds, 

15 obtained after Fart F, follows. 




II 
o 



Example Number 


Rea^ for Fart E 


R 


93 


2,4-difliiorobeiizeaethiol 


F , 


94 


4-metiioxyQiiopheiiDl 




95 


2,4-dichlorobaizeaetbiol 




96 


Sodium tbiomethoxide 


-CH3 
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Exanq)le 93 

l-[5<2ADifluoiobenzenesulfonyl)pentyl]-6J-dimeth^^ 

c]pyridin-4-amme 

The crude product was purified by flash chromatography on silica gel (eluting with 
5 98:2 chloiofonnanrthanol) to yield a white foam that was recrystallized fi?om 2-propanol. 
Afler ibs product was dried under reduced pressure, 1.27 g of the product was obtained as 
a white powder, mp 130.0-132.0 "C. 

'HNMR (300 MHz, CDCh) 5 8.01-7.89 (m, IH), 7.12-^.94 (m, 2H), 4.82 (br s, 2H), 4.18 
(dd, J= 7.7, 7.7, 2H), 3.26 (dd, 7.7, 7.7, 2H), 2.73 (dd, J= 7,7, 7.7, 2H), 2.43 (s, 3H), 
10 2.39 (s, 3H), 1.91-1.64 (m, 6H), 1.54-1.41 (m, 2H), 1.06 (t, J= 7.4, 3H); 
MS (APCO m/z 451 (M+H)*; 

Anal. Calcd &r C2iH28FiN402S: C, 58.65; H, 6.26; N, 12.44; Found: C, 58.75; H, 6.42; 
N, 12.32. 

15 Exaiiq>le 94 

l.[5^4.Methoxybenzenesulfonyl)pentyl]-6,7-dimethyl-2-propyl-lif-intt 

c]pyridin-4-amine 

The crude product was purified by flash chromatography on silica gel (eluting with 
98:2 chloroformnnethanol) to yield a colorless oil ttiat was recrystallized from acetonitrile. 
20 After the product was dried undo: reduced pressure, 0.725 g of the product was obtained 
as a white powder, tap 130.5-132.0 *C. 

'H NMR (300 MHz, CDCI3) 5 7.81 (d, J= 8.9, 2H), 7.02 (d, J= 8.9, 2H), 4.82 (br s, 2H), 
4.16 (dd, J= 7.7, 7.7, 2H), 3.05 (dd, J= 7.7. 7.7, 21^, 2.73 (dd, J= 7.7, 7.7, ZEI), 2,43 (s, 
3H), 2.39 (s, 3H), 1.91-1.64 (m, 6H), 1.55-1.41 (m, 2H), 1.05 (t, J= 7.4, 3H); 
25 MS (APCO 445 ^+H)*; 

AnaL Calcd for C23H32N4O3S: C, 62.14; H, 7.26; N, 12.60; Found: C, 62.14; H, 7.43; N, 
12.60. 

Example 95 

30 l-[5-(2,4-Dichlorobenzenesulfonyl)pentyl]-6,7-dimethyl-2-propyl-lfl^imidazo[4,5- 

c]pyridin-4-amine 
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After the erode product was leciystallized firom acdonitcile, 0.614 g of flie product 
was obtaioed as a white powder, mp 130.0-131.5 "C. 

*H NMR (300 MHz, CDCI3) 5 8.04 (d, J= 8.6, IH), 7.57 (d, J= 2.0, IH), 7.46 (dd, J= 
8.6, 2.0, IH), 4.83 (br s, 2H), 4.18 (dd, J= 7.7, 7.7, 2H), 337 (dd, 7.6, 7.6, 2H), 2.73 
5 (dd, /= 7.7, 7.7, 2H), 2.44 (s, 3H), 2.40 (s, 3H), 1.92-1.66 (m, €S), 1.59-1.46 (m, 2H), 
1.06 (t, J= 7.4, 3H); 
MS (APCT) 483 (M)*; 

Anal. Calcd for C22H28CI2N4O2S: C, 54.66; H, 5,84; N, 11.59; Found: C, 54.58; H, 5,65; 
N, 11.58. -'j 

10 

Example 96 
l-[5-(Methanesulfonyl)pentyl]-6J-dm 

A modification of Part B of Example 92 was used; a sluny of sodium methoxide 
(0.64 g, 9.1 mmol) in DMF (10 mL) was added to a solution of 7-(5-cliloropentyl)-5,6- 
15 dimefh)i-8-propyl-7Jy-imidazo[4^-c]teti:a2» (2.35 g, 7.02 mmol) at 0 ^C. 

The synthesis was completed^ as described in Parts B and F or Example 92. The crude 
product was recrystallized from acetonitrile and dried und^ reduced pressure to yield 1.73 
g of the desired product as a white powder^ mp 145.0-146.0 ^C. 

NMR (300 MHz, CDCI3) 8 4.82 (hr s, 2H), 4.18 (dd, •/= 7.7, 7.7, 2H), 3.01 (dd, J= 
20 7.7, 7.7, 213), 2.90 (s, 3H), 2.75 (dd,7= 7.7, 7.7, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 1.96-1.74 
(m, 6H), 1.61-1.51 (ni,2H), 1.07 (t,/=7.4, 3H); 
MS (APCI) m/z 353 (M+H)''; 

Anal. Calcd for C17H28N4O2S: C, 57.93; H, 8.01; N, 15.89; Found: C, 57.82; H, 8.26; N, 
15.76. 

25 

Examples 97-99 

The general methods described in Example 92 were used for Examples 97-99. In 
Part A, 3-amino-l-propanol was used hx lieu of 5-amincHl-pentanol. The purification in 
Part D was carried out by column chromatograqphy on silica gel (eluting with 95:5 
30 chlorofomumethanol) followed by trituration with ethyl acetate±exane. The thiol selected 
m Part E of Example 92 is shown m the table below for Examples 97-99. The oxidation 
products from Part E were purified by trituration witii eflbyl acetate. 
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o 

TMoi [ 
4-chlorobeDzenetiiiol /= 



&caiiq>le Number 


Thiol 


R 


97 


4-chlorobeDzenetiiiol 




98 


2-merc^topyiidine 




99 


4-mei:ci^toethylbenzoate' 





a) preparation described below 



Example 97 

5 l-[3-(4-Qiloiobenzeaesulfon3d[)pn)p;^]-6J-dimet^^ 

4-amine 

The cnide product was triturated with ethyl acetate and dried at 60 *C under high 
vacuum for three days to provide 1.037 g of the desired product as a white powder, inp 
186.5-188.0 "C. , 
10 ^HNMR (300 MHz, CDCI3) 5 7.81 (d, J= 8.8, 2H), 7.55 (d, J= 8.7, 2H), 4.83 (br s, 2H), 
4.39 (dd, J= 7.8, 7.8, 2H), 3.10 (d4 /= 7.3, 7.3, 2H), 2.75 (dd, J= 7.7, 7.7, 2H), 2.42 (s, 
3H), 2.35 (s, 3H), 2.24-2.14 (m, 2H), 1.91-1.78 (m, 2H), 1.05 (t, J= 7.3, 3H); 
MS(APC0i«/z421(M)*; 

AnaL Calcd for C20H25CIN4O2S: C, 57.06; H. 5.99; N, 1331; Found: C, 57.04; H, 6.14; N, 
15 13.23. 
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Example98 I 
6J-Dimethyl-2-propyl-l-[3-(ipyridme-2-sulfo^ 

amine 

The crude product was tectystallized fix>m acetonitrile and thea purified by cohuxm 
5 chrQinatogrq)hy on a Biotage Horizon^ High-Performance Flash Chromatography 
mstrumeat A second recrystallizatton from acetonitrile provided 0.180 g of the desired 
product as a oflp-whitei powder, mp 172.0-173.5 **C. 

NMR (300 MHz, CDCI3) 8 8.69 (ddd, J= 4.7, 1.7, 1.0, IH), 8.09 (ddd, J= 7.8, 1.2, 
1 .0, IH), 7.98 (ddd, /= 7.8, 7.8, 1.7, IH), 7.57 (ddd, J= 7.8, 4.7, 1.2, IH), 4.83 (br s, 2H), 
10 4.42 (dd, J= 7.9, 7.9, 2H), 3.49 (dd, J = 7.3, 7.3, 2H), 2.77 (dd, /= 7.7, 7.7, 2H), 2.42 (s, 
3H), 2.38 (s, 3H), 2.29-2.17 (m, 2H), 1.92-1.78 (m, 2H), 1.06 (t, 7.4, 3H); 
MS (APCI) m/2 388 (M + H)"^; 

Anal. Calcd for C19H25N5Q2S: C, 58,89; H, 6.503; N, 18.07; Found: C, 58.51; H, 6.37; N, 
17.80. 

15 

Example 99 

4-[3-(4-Ainino-6,7-dimethyl-2-propyl-lif-imidazo[4,5-c]pyri 
sulfonyl]benzoic add ethyl ester 
Ethyl-4-merc2qptobenzoate was prepared by treating 4-marq)toben2oic add (1.50 

20 g, 9.73 mmol) with ethanol (97 mL) in the presence of catalytic concentrated suMuiic add 
under a nitrogen atmosphere. The reaction was heated at reflux for three hours. The 
volume of the reaction was reduced to 10 mL under reduced pressure and then partitioned 
betwem water (100 mL) and etiiyl acetate (100 mL). The aqueous layer was extracted 
with ethyl acetate (3x 100 mL), and the combined organic solutions were washed with 

25 water (75 mL) and saturated aqueous sodium bicarbonate (2 x 75 ixiL), dried over 

magnesium sul&te, filtered, and concentrated imder reduced pressure to provide an oil. 
The oil was dissolved in dichloromethane (100 mL), and the resulting solution was 
extracted with saturated aqueous sodium carbonate (3 x 100 mL). The combined extracts 
were washed with dichloromethane (3 x 50 mL) and then treated with concentrated 

30 hydrochloric acid to adjust to pH 7. The solution was then extracted with dichloromethane 
(3 X 100 mL), and the combined extracts were washed with water (50 mL), dried ovet 
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sulfate, filtered, and concentrated under reduced pressure to provide 1.23 g of 

ethyl-4-merc^tobenzoate as a colorless oil. 

The ethyl-4-mercaptobenzoate was used as described in Part E of Example 92 in 

lieu of 4-fluorobenzenethiol, and the synthesis was completed using the methods described 
5 in Parts E and F of Example 92. The crude product was purified by column 

chromatography on silica gel (eluting sequentially with 98:2 dichloromethanemethanol 

and 95:5 dichloromethane:methanol, and the resulting yellow solid was triturated with 

acetonitrile. The solid was isolated and recrystallized &om 2-propanol to provide L4 g of 

4-[3-(4-amino-6,7-dimethyl-2-propyl-l/f-im 
10 sulfonyi]beazoic acid ethyl ester as yellow crystals, mp 169.0-171.0 ""C with aphase 

change at 153-155 •'C, 

NMR (300 MHz. CDCI3) 5 8.23 (d, J= 8.8, 2H), 7.95 (d, /= 8.6, 2H), 4.83 (hr s, 2H), 

4.48-4,37 (m, 4H), 3.14 (dd, J= 7.3, 73, 2H), 2.75 (dd, J= 7.7, 7.7, 2H), 2.41 (s. 3H), 

2.35 (s, 3H), 2.24-2.13 (m, 2H), 1.91-1.77 (m, 2H), 1.43 (t, /= 7.1), 1.05 (t, J= 7.3, 3H); 
15 MS(APCI)mA459(M + H)^; 

Anal. Calcd for C23H3(^404S: C, 60.24; H, 6,59; N, 12.22; Found: C, 60.22; H, 6.80; N, 

12.20. 

Example 100 

20 4-[3-(4-Amino-6,7-dimethyl-2"propyl-liI-imidazo[4,5-c]pyri^^ 

sulfonyl]benzoic acid hydrochloride 
NH2 




Under a nitrogen atmosphiere, aqueous sodium hydroxide (1.5 mL of 1 M) was 
added to a solution of 4-[3-(4-amino-6,7-dimetttyl-2-propyl-lff-imidazo[4^^ 
25 yl)propaae-l-sulfonyl]benzoic acid ethyl ester (558 mg, 1.22 mmol), prepared as 

described m Example 99, in methanol (5.5 mL) and THF (5.5 mL), and the reaction was 
stirred for two hours at room temperature. The solvents were removed under reduced 
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pressure, and the residual solid was dissolved in water (60 mL). The solution was washed 
with dichlaromethane (2 x 20 mL) and eflij* acetate (20 mL) and then treated with 
concentrated hydrochloric acid to adyust to pH 5. A precipitate formed, which was 
' isolated by filtration and dried ovemi^ in a vacuum oven at 60 Thematedalwas 
5 treated with 1 M hydrochloric acid in diethyl ether, and then the solvent was removed 
und^ reduced pressure. The resultiiig white solid was recrystallizedfinmethanol, and tibe 
crystals woe dissolved in a mixture of 1 N hydrochloric acid and methanol with ^tle 
heating. The solution was concentrated under reduced pressure, and the resulting solid 
was dried at 80 "C under high vacmmi to provide 240 mg of 4-[3-(4-amino-6,7-dimelhyl- 



10 2-propyl-lir-imidazo[4,5-c]pyridin-l-yl)propan6-l-sulfonyl]ben2»ic acid hydrochloride as 
a white powder, mp >250 °C. 

^HNMR (300 MHz, DMSO-dtf) 5 8.18 (d, J= 8.6, 2H), 8.03 (d, /= 8.6, 2H). 7.79 (br s, 
2H), 4.41(dd, J= 7.7, 7.7, 2H), 3.65 (dd. /= 7.3, 7.3, 2H), 2.79 (d4 7.7, 7.7, 2H), 2.41 
(s, 3H), 229 (8, 3H), 2.03-1.91 (m, 2H), 1.81-1.69 (m, 2H), 0.96 (t, J= 7.5, 3H); 
15 MS (APOO to/z 431 (M + H - HCl)*; 

Anal. Calcd for C2iEbCaN404S: C, 52.01; H, 5.92; N, 11.56; Foraid: C, 51.62; H, 5.86; 
N, 11.41. 



20 



Example 101 

{4.[3.(4.Amino-6,7-dimethyl-2-propyl-lH-inaidazo[4,5-c]pyrid^^ 
sulfonyl]phenyl}morpholui-4-ylmeQianone 




NH. 



O 



Part A 




25 yi)propane-l -sulfonyi]beiizoic add ethyl ester (2.50 g, 5.16 mmollj^ prepared as described 
in Parts A-E of Exanq)le 92 usmg the modification of Example 99, was treated with 
aqueous sodium hydroxide (10 mL of 1 N) in ethanol (26 mL), and. the reaction stirred for 
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two hours and became homogeneous. The solvmts were removed under reduced pressure, 
and the residual white solid was dissolved in water (50 mL), The solution was washed 
with ethyl acetate (3x10 mL) and then adjusted to pH 4 with the addition of concentrated 
hydrochloric acid. A white solid precipitated, which was isolated by filtration, washed 
5 with water, and dried for three hours in a vacuum oven at 60 to provide 2.26 g of 4-[3- 
(5,6-dimethyl-8-propyl-77?-iniidazo[4,5-c]tetraM 
sulfonyl]beQZoic add as a white solid. 
PartB 

Under a mtcogen atmosphore, a mixture of 4-[3-(5,6-dime1hyi-8-propyi-7£F- 
10 imidazo[4,5-c]tetrazolo[l,5'^]pyridin-7-yl)prcq? acid (2.26 g, 4.95 

mmol) and dichloromethane (50 mL) was cooled to 0 Oxalyl chloride (0.95 ml^ 10.9 
nmiol) was added dropwise, and the reaction was stirred for two hours at room 
temperature. To one-fhird of the solution was added moipholine (0.43 mL, 4.9 mmol), 
and the reaction was stirred under nitrogen overnight Additional moipholine (1.0 mL^ 11 
15 mmol) was added, and Ihe reaction was stirred for two hours. A white precipitate formed, 
which was isolated by filtration, washed with ethyl acetate and water, and then dried for 
two hours in a vacuum oven at 80 °C to provide 0.75 g of {4-[3-(5,6-dimethyl-8-propyl- 
7H-imidazo[4,5-c]tetrazolo[l,5'^]pyridin-7-yl)propane-l-sulfony 
ylmethanone as a white solid. 
20 Parte 

{4.[3-(5,6.Dimefhyl-8-propyl-7fl^imidazo[4,5-<:]tetrazolo[U . 

yl)propane-l-sulfonyl]phenyl}moipholin-4-ylmethaM (0.75 g, 1.4 nomol) was 

converted to {4-[3<4-ammo-6,7HJimefhyl-2-propyl-l/^imida2X)[^^^ 

yl)propane-l-sulfonyl]phenyl}moipholin-4-ylmethanone using the general method of Part 
25 F of Example 92. The crude product was triturated with ethyl acetate, isolated by 

filtration, and dried overnight under hi^ vacuum at 90 ''C to provide 0.52 g of the desired 

product as a white powder, mp 224.0-226.0 **C. 

NMR (300 MHz, DMSO-rftf) 5 7.92 (d, •/= 8.4, 2H), 7.63 (d, J= 8.4, 2H), 5.55 (br s, 

2H), 4.25 (dd, J= 7.8, 7.8, 2H), 3.60 (br s, 4H), 3.52 (dd, J= 7.6, 7.6, 2H), 3.23 (br s, 2H), 
30 2.66 (dd, J- 7.5, 7.5, 2H), 2.22 (s, 3H), 2.17 (s, 3H), 1.91-1.79 (m, 2H), 1.73-1.61 (m, 

2H), 0.90 (t,J= 7.3, 3H); 

MS (APCI) m/z 500 (M + H)"^; 
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AnaL Calcd for C2SH33N5O4S: C, 60.10; H, 6.657; N, 14.02; Found: C, 59.96; H, 6.70; N, 
13.81. 

Exaii9lel02 

JV^{2-[2-(4-Animo-2-«flijd[-^,7-^elhyl-lff-imida^ 
yl)effa0xy]efhyl}metibtan6siilfbnamide 




\ II 
o 

PartA 

The general method described in Part A of Exanqple 80 was followed using 2-(2- 
10 aininoethoxy)ethaiiol (46.0 mL, 458 mmol) in lieu of ethanolamine to prepare 90.0 g of 
tert'hvityl 2-(2-hydroxyethoxy)ethylcarbainate as a colorless oil. 
Parts 

Under a nitrogen atmosphere, a solution of /err-butyl 2-(2- 
hydroxyethoxy)ethylcarbamate (89.0g, 434 nmnol) m dichloromelhane (1.5 L) was cooled 

15 to 0"C;trie£hylamine (90.7 niL, 650 mmol) was added dropwise, Methanesulfonyl 

cMoride (36.9 mL, 477 nmiol) was then added over aperiod of 45 minutes. Aprecipitate 
formed, and the leaction became yellow. The reaction was allowed to warm to room 
temperature and stirred ovemi^t. Saturated aqueous sodium bicaibonate (750 mL) was 
added. The organic kyer was then sequentiafly washed with water (3 x 500 mL)an^ 

20 (250 mL), dried over magnesium sulfete, filtered, and concentrated under reduced pressure 
to provide 119.2 g of 2-{2-[(/e7t-butoxycaibonyl)amino]ethoxy}ethyl methanesulfonate as 
a light orange oil. 
Parte 

Under a nitrogen atmosphere, sodium azide (29.8 g, 458 mmol) was added to a . 
25 solution of 2-{2-[(rer^-butoxycaibonyl)ainino]ethoxy}ethyl methanesulfonate (1 18 g, 416 
mmol) in DMF, and the reaction was heated at 90 ^^C for six hours. The reaction was 
allowed to cool to room ten5)erature overnight, and then the solvent was removed undo: 
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reduced pressure. Water (1 L) was added, and the resulting solution was eactracted with 
diefliyl ether (4 x 500 mL). The combined extracts were washed wilii water (1 x 250 mL), 
dried over magnesium sulfete, filtered, and conceutrated under reduced pressure to yield 
93.0 g of <ert-butyl 2-(2-azidoe£hoxy)ethylcaibamate as a colorless oiL 
5 PartD 

Under a nitrogen purge, 10% palladium on carbon (9.2 g) was added to a solution 
of <ert-butyl 2-(2-azidoethoxy)ethylcarbamate (92.0 g, 399 mmol) in toluene (900 mL) in 
apressuie vessel. The vessel was placed under hydrogen pressure (30 psi, 2.0 x lO' Pa), 
and for flie first 20 minutes, the hydrogen was replaced every five nnnutes and brought to 

10 a pressure of (20 psi, 1.4x lO'Pa). The reaction was maintained under hydrogen pressure 
(20 pd, 1.4x lO^Pa) overnight The reaction mixture was filterfedthrougji a layar of 
GELITE filter aid, and the filter cake was wadied with eflanol. The filtrate was 
concentrated under reduced pressure to yield 77.4 g of «^-butyl 2-(2- 
aininn eHioxy)efliylcarbamate as a light green oil. 

15 PartE 

The general method described in Part B of Example 82 was used wilii tertAyatyl 2- 
(2-aminoethoxy)ethylcaibamate in Ueu of 2-[3-(l,3-thiaz6l-2-yl)propoxy]ethyiamine. The 
reaction was heated at 60 °C overnight The crude prodncti an orange oil, was 
recrystallized from 40:60 ethyl acetatediexane (100 mL) using seed crystals fi»m a 

20 previous run. The crystals were isolated by filtration aad washed with cold 90:10 
hexane:ethyl acetate. The mother liquor was concentrat«i under reduced pressure to 
provide a solid which was purified by column chromatogr^hy on silica gel (1200 mL, 
duting witii 70:30 hexane:ethyl acetate). The products purified by each mefliod were 
combined to provide 59,5 g of tert-butyl 2-{2-[(2-chloro-5,6-dimethyl-3-nitropyridin-4- 

25 ^)aminD]ethoxy}ethylcaibamate as a Ugjit orange solid, m. p. 70-73 "C. 
PartF 

The general method described in Part A of Example 92 was used to convert tert- 
butyl2-{2-[(2HMoro-5,6Hfimelhyl-3-nit«^yiidin-4-yl)amino]etiioxy}^^^ 
(57.0 g, 147 mmol) to 51.6 g of tert-butyl 2-{2-[(5,6-dimeth^-8-mtrotetrazolo[l,5- 
30 fl]pyridin-7-yl)amino]ethoxy}ethylcarbamate, obtained as ayellow solid, m. p. 109-111 

°C. 

PartG 
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Under a nitrogen purge, 5% platinum on carbon (2.5 g) was added to a Parr vessel 
containing a solution oftert-hutyl 2-{2-[(2-chloro-5,6-dimethyl-8-nitrotetrazolo[l,5- 
fl]pyiidin-7-yl)amino]ethoxy}ethylcarbamate (25.0 g, 63.2 mmol) in toluene (500 mL). 
The vessel was placed under hydrogen pressure (30 psi, 2.0 x 10^ Pa) for four hours, and 

5 then 2-propanol (50 mL) was added. The reaction mixture was filtered through a layer of 
CELirE filter aid, and the filter cake was washed with 2-propanol (500 mL) and ethanol 
(500 mL). The filtrate was concentraled under reduced pressure to yield 22.9 g of tert- 
butyl 2-{2-[(8-ainmo-5,6-dimeth3dtetra2»lo[l,5-a]pyridin-7- 
yl)amino]eflio3sy}ethylcarbamate as afarown oil. 

10 PartH 

The general method described in Part E of Exaniple 85 was used to convert tert- 

butyl 2-{2-[(8-amino-5,6-dimethyltetra2X)lo[l,5-fl]pyridin-7- 

yl)amino]elhoxy}eliiylcarbamate (22.8 g, 62.4 namol) to tertAjxstyl 2-{2-[(8-ethyl-5,6- 

dimethyl-7H-imidazo[4,5w3]tetraazolo[l,5-a]pyridin-^^^ 
15 Triethylorflioptopionate (13.2 mL, 65.5 mmol) was used m lieu of trimethylorfhobutyrate- 

The crude product was obtained as a light brown solid (20.2 g), which was stirred wifli 

water (500 mL) for 15 minutes, isolated by filtration, and dried overnight in a vacuum 

oven at 80 ""C, to prx)vide the desired product, mp 186-188 X, which was used without 

further purificatioiL 
20 Parti 

A solution of trifluoroacetic acid (188 mL, 2.44 mol) in dichloromelhane (300 mL) 
was cooled to 0 X. A solution of ^eit-butyl 2-{2-[(8-e1fayl-5,6-dimethyl-7ff-imidazo[4,5- 
c]tetrazolo[l,5-a]pyridin-7-yl)]ethoxy}ethylcarbamate (19.7 g, 48.8 mmol) in 
dichloiomethane (300 mL) was then slowly added over a period of 30 minutes, and the 

25 reaction was stirred overnight The volatiles were removed under reduced pressure, and 
the residual brown oil was stirred with 2-propanol (300 mL) to form a white salt, ^ndiich 
was isolated by filtration and dried in a vacuum at 80 X. The salt was dissolved in water 
(200 mL), and solid sodium carbonate was added to adjust to pH 12. The solution was 
extracted with chloroform overnight with a continuous extractor. The extracts were dried 

30 over magnesium sulfate, filtered, and concentrated under reduced pressure to provide 1 1.5 
gof2-[2-(8-ethyl-5,6-dimethyl-7H-imdazo[4,5-c]tetrazolo[l,5-^]py^ 
yl)ethoxy]ethylamine as a white solid, m. p. 181-183 °C. 
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The general method described in Part B of this example was used with the 
following modifications. 2-[2-<8-Ethyl-5,6-dimethyl-7£r-inudazo[4,5-c]tetrazolo[l,5- 
a]pyridin-7-yl)ethoxy]ethylamine (2.25 g, 7.42 mmol) was used in lieu oftert-hntyl 2-(2- 

5 hydroxyethoxy)ethylcarbamate. The reaction was stirred for 2 hours, and 2.8 g of crude 
product ware obtained afta: the woik-iq). The crude product was purified by column 
chromatography on silica gel (200 mL» eluting with 90:10 dichloromethane:methanol) to 
provide 2.30 g of i\r-{2-[2-<8-elhyl-5,6-dimefhyl-7J?-imidazo[4,5^^ 
a]pyridinr7-yl)e&oxy]e11xyi}methanesuIfonamide as a white solid, m. p. 216-218 ""C. 

10 PartK 

The general method described in Part F of ExaiiQ)l6 92 was used to convert JV-{2- 
[2-(8-ethyl-S,6-dimethyl-7i7-iinidazo[4»S-^^ 

yl)ethoxy]ethyl}methanesulfonainide (2.25 g, 5,90 mmol) to iV-{2-[2-(4-amino-2-efliyl- 

6J-dime1fayl--lif-inoddazo[4,5-^]pyridin-l-yl)^ The 
IS cmde product was obtained as a colorless oil (2.03 g), which was recrystallized &om 2- 

propanol (45 mL) and dried in a vacuum oven at 70 °C to provide 1 .37 g of the desired 

product as a white powder, mp 145-147 ^C. 

NMR (300 MHz, DMSO) 5 6.99 (br t, IH), 5.57 (s, 2H), 4.41 (t, 5.6 Hz, 2H), 3.69 

(t, J= 5.6, 2H), 3.40 (t, J= 5.8, 2H), 3.02 (q, 5.6, 2H), 2.85 (q, J- 7.5, 2H), 2.82 (s, 
20 3H), 2.35 (s, 3H), 2.30 (s, 3H), 131 (t, J- 7.5, 3H); 

MS (APCI) m/z 356 (M + H)''; 

Anal. Calcd for C15H25N5Q3S: C, 50.69; H, 7.09; N, 19.70. Found: C, 50.69; H, 7.17; N, 
19.68. 

25 Examples 103 and 104 

2-[2<8-Efhyl-5,6Hiimelfayl-7ff-imidazo[4,5K:]tetrazolo[l^ 
^)ethoxy]efhy[amine was obtained as described in Parts A tfarou^ I of Example 102. 
Under anitrogm atmosphere, a solution of 2-[2-(8-ethyl-5,6-dimethyl-*7J7-]niidazo[4,5- 
c]tetniazolo[l,5-a]pyridin-7-yl)ethoxy]ethylaniine (1 equivalent) and in dichloromelhane 

30 was cooled to 0 °C; triethylamine (1.1 equivalents) was added. The acid chloride (1.1 
eqxiivalents) selected firom the table below was then added dropwise, and the solution was 
allowed to warm to room temperature and stirred for several hours. The reaction was 
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washed with 5% aqueous sodium hydroxide (200 mL), and the aqueous layer was 
extracted wifli dichloromethane (2 x 200 mL). The comhined organic solutions were dried 
over magnesium sulfite, filtered, and concentrated under reduced pressure to provide a 
white solid, which was treated usmg the gmeral method described in Part F of Example 92 
and purified as described below. 




H 



Bxaixq>leNuiiib6r 


AcidOdoride 


R 


103 


4-m(M[pl]olii]ficaibonyl chloride 




104 i 


cyclohexylcarbonyl diloride 





Exanq)lel03 J 
iV^{2-[2-<4-Aiiimo-2-^yl-^J-<lim 
10 ^)etiioxy]ediyl}moi^hoIjiie-4H»iboxaim 

Hie crude pioduct was obtamed as a ^i^te solid, which was recrystallized fiom 2- 
piopanol and dried overnight in a vacoom oven at 80 "C. The crystals were dissolved in 
dichloiomethane, and the solution was concentiated under reduced pressure to provide 
1.46 g of JV"-{2-[2-(4-amino-2-ethyl-6,7-^elhyl-lH-inridazo[4,5-c]pyri^^ 
15 yl)ethoxy]ethyl}morpholine-4-caiboxamide as a white powder, mp 182-184 "C. 

NMR (300 MHz, DMSO) 8 6.40 (t, J= 5.4 Hz, IH), 5.63 (s, 2H), 4.39 (t, J= 5.4, 2H), 
3.67 (t, J= 5.4, 2H), 3.51 (m, 4H), 3.34 (t, /= 6.1, 2H), 3.18 (m, 4H), 3.11 (q, /= 5.8, 
2H), 2.84 (q, J= 7.5, 2H), 2.35 (s, 3H), 2.30 (s, 3H), 1.30 (t,/= 7.5, 3H); 
MS (APCI) w/z 3^ (M + H)*; 
20 Anal. Calcd for Ci^HsdNfiCb: C, 58.44; H, 7.74; N, 21.52. Found: C, 58.22; H, 7.77; N, 
21.73. f 
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Exan:q)le 104 
JV- {2-[2-(4-Ammo-2-ethyW J--dimethyl-lff^ 

yl)efhoxy]ethyl}cyclohexaaecarboxaimde 
The crude product was purified by column chromatography on silica gel (ISO mL, 
5 eluting with 85 : 1 5 dichloromethanermethanol) and recrystallization firom 2-propanol (20 
ml). The purified crystals were dissolved in mefhanol, and the xesultmg solution was 
conceatrated und^ reduced pressure to provide 0.88 g of 7/-{2•^[2-(4-axhino-2-ethyl-6,7- 
dimethyl-li7-i^udazo[4,S-c]pyridin-l-yl)ethoxy]eth as a 
whitepowder, mp 170-172 °C. 
10 *HNMR (300 MHz, CDC13) 5 536 (br t, IH), 4.89 (s, 2H), 4.43 (t, J= 5.4 Hz, 2H), 3.72 
(t, J= 5.5, 2H), 3.43-3.38 (m, 2H), 3.34-3.27 (m, 2H), 2.88 (q, J= 7.5, 2H), 2.45 (s, 3H), 
2.43 (s, 3H), 1.92-1.61 (m, 6H), 1.42 (t, /= 7.5, 3H), 1.35-1,16 (m, 5 H); 
MS (APCl) 388 (M + H)*; 

Anal. Calcd for C21H33N5O2: C, 65.09; H, 8.53; N, 18.07. Found: C, 64.85; H, 8.66; N, 
15 17.86. 

Example 105 
iV^-Cyclohexyl-iV'-{2-[2-(2-ethyW-dimethyl4^^ 

yl)ethoxy]ethyl}urea 




20 

A modification of the methods described in Examples 103 and 104 was used to 
convert 2-[2-(8'-e*hyl-5,6-dimethyl-7iy-imidazo[4,5-c]tet^^ 
yOettioxy]efliylamine (2.00 & 6.59 mmol) to JV-cyclohex5d-JV-{2-[2-(2-ethyl-6,7- 
dimefhyl-lfl^inpddazo[4,5-c]pyridin-2-yl)ethoxy]ethyl}i^ No triethylamme was used, 
25 and cyclohexyl isocyanate (0.93 mL, 725 mmoQ was used in lieu of an acid chloride. The 
crude hydrogenation product was isolated as an off-white solid, which was recrystaUized 
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10 



twice ftom 2-piopanol (15-17 mL/g) to provide 1.29 g of tibie desired product as white 
crystals, rap 187-189 "C. 

'H NMR (300 MHz. CDC13) 8 4.94 (s, 2H), 4.42 (t, J= 5.3 Hz, 2H), 4.23 (d, J= 8.1, IB) . 
3.89 (t, J= 5.3, IE), 3.67 (t, J= 5.3, 2H), 3.51-3.37 (m. IH), 336-331 (m. 2H), 3.19 (ti, / 
= 5.3. 2H), 2.86 (q, J= 7.5, 2H), 2.45 (s, 3H), 2.42 (s, 3H), 1.92-1.82 (m. 2H), 1.75-1.54 
(m, 3H), 1.41 (t, J= 7.5, 3H), 1.36-1.04 (m, 5 H); 
MS (APCa) m/& 403 (M + H)*; 

AnaL Calcd for C21H34N6O2: C, 62.66; H, 831; N, 20.88. Found: C, 6239; H, 8.74; N, 
20.85. 

Exanq>le 106 

l-{2-[2-(l,l-DioxidoisothiazoKdin-2-yl)ethoxy]ethyl}-2-efliyl-6,7-dimefhyl-lH- 

iinidazo[4,5-c]pyridin-4-amine 

- MS 

15 Part A 

2-[2<8-Ethyl-5,6-dimeihyl-7F-iim 
yl)ethoxy]efhylainine (2.00 g, 6.59 mmol) was obtained as described in Parts A fei o*.'-:^<- 'i 
of Example 102 and treated using the method of Part J of Example 102 with 3- 
chloropropanesulfonyl chloride (0.88 mL, 7.25 mmol) used in lieu of metlianesulfoxLyl 
20 chloride. The orude product was purified by column chromatography on silica gel (i OC 
mL, eluting with 95:5 dichloromefhanermellianol) to provide an amber oil, which wg?: 
triturated with diethyl ether. The product was isolated by filtration to provide 2.62 g of :! 
cmoro--iV^{2-[2-(8-efhyl-5i6-dimethyl-71f-M 

yl)ethoxy]ethyl}propane-l-sulfonamide as a white solid, m. p. 126-129 °C. 
25 PartB 

Under a nitrogen atmosphere, l,8-diazabicyclo[5.4.0]undecene-7 (4.2 mL, 28 
mmol) was added to a solution of 3-chloro-iV^{2-[2-(8-ethyl-5,6-dimethyl-7jF/-^ 
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imidazo[4,5--c]tetrazolo[l,5-a]pyridin-7-yl)ethoxy]e (2.50 g, 

5.63 mmol) in DMF (50 mL), and the reaction was stirred overnight at room temperature. 
The solution was concratrated to about 25 mL under reduced pressure, and water (300 
mL) was addei A white precipitate formed, which was isolated by filtration and 
5 recrystallized from acetonitrile (20 mL) to provide L95 g of 7-{2-[2-(l,l- 
dioxi(toisothiazoUdin-2-yl)ethoxy]efh)4}-8-ethyl-5,6-4imethyl^^ 
c]tetraazolo[l,5-a]pyridine as white crystals, m. p. 176-178 °C. 
Parte 

7-{2-[2<l,l-Dioxidoiso1hiazoUdin-2-yl)ethoxy]ethyl}-8-^ 
10 iniidazo[4,5-c]tetrazolo[l,S-a]pyridine (1.60 g, 3.93 mmol) was treated using the 

procedure described in Part F of Bxanq>le 92. The crude product was purifed by column 
cfaromalogrsq>hy on silica gel (75 mL^ elutmg with 80:20 didblorome&aneimethanol) and 
recrystallized fiom 2-piopanol to provide 038 g of white crystals. The crystals were 
dissolved in 2-propanol (10 mL) and treated wifli a 1 M solution of hydrochloric add in 
15 diefh^ ether (1 mL). The solution was stirred for 30 minutes, and the resdtuig salt was 
isolated by filtration and washed with die&yl ether. The salt was dissolved in water (25 
mL), and solid sodium carbonate was added to adjust to pH 12. The solution was seeded 
with material made in a previous nm, and the resulting solid was isolated by filtration and 
washed with water to provide 0.18 g of l-{2-[2-(l,l-dioxidoisothiazolidin-2- 
20 yl)ethoxy]ethyl}-2-^yl-6,7-dime%l-lff-nmda2»[4,5-c]py^ as a white solid, 

mp 157-159^0. 

NMR (300 MHz, CDCD) 8 4.86 (s, 2H), 4.44 (t, J= 5.4 Hz, 2H), 3.74 (t, J= 5.4, 2H), 
3.57-3.51 (m, 2H), 3.13-3.08 (m, 2H), 3.04-2.97 (m, 2H), 2.89 (q, J= 7.5, 2H), 2.87 (t, 7= 
6.8. 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.19-2.08 (m, 2H). 1.41 (t, J= 7.5, 3H); 
25 MS(APCa)jw/z382(M + H)'^; 

AnaL Calcd for Ci7H27N5Q3S«0.50 H2O: C, 52.29; H, 7.23; N, 17.93. Found: C, 52.54; H, 
7.49; N, 18.02. 
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Example 107 



i\r-{2-[2<4-Amino-2-^1iiyl-6,7-dim 



2-[2'<8-Ethyl-5,6-dimethyl-7J^iimdazo[4,5-<:]te^ 
yl)ethoxy]ethylamine (2,00 g, 6*59 mmol) was obtained as described in Parts A through I 
of Example 102 and treated using the method of Part F of Example 92. The crude product 
was recrystallized fiom toluene (57 mL/g) to provide 3,19 g of l-[2-(2- 
10 aminoethoxy)ethyl]-2-ethyl-^,7-dime1hyl-ljF^iimda2» as white 

crystals, m. p. 152-154 ^'C. 
PartB 

A solution of l-[2<2-aminoethoxy)eth54]-2-eflfaiyl-6,7-dimethyl-lir-i^ 
c]pyridin-4-ainine (1.60 g, 5.77 mmol) was treated with bmzoyl isocyanate (0.98 g, 6.6 

15 mmol) using the method described in Exanq)le 105. The crude product was purified by 
column chromatography on silica gel (150 mL» eluting with 90:10 
dichloromethane:methanol) and recrystallized fiom acetonitrile (75 mL/g). The crystals 
were subsequently recrystallized twice fiom 2-propanol (40-44 mL/g) and then stitred in 
water for 30 minutes and isolated by fiDitration. The solid was dried for three days under 

20 high vacuum to provide 0.54 g of iV^{2-[2-(4-amino-2-ethyl-6 J-dimethyl4iy-imidazo[4,5- 
c]pyridin-l-yl)ethoxy]etiiyl}-7V-benzoylurea as a white solid, mp 185-187 ^'C. ^H>MR 
(300 MHz, CDC13) 8 8.98 (br s, IH), 8.87 (br t, IH), 7.93-7.87 (m, 2H), 7.63-7.56 (m, 
IH), 7.52-7.44 (m, 2H), 4.84 (s. 2H), 4.45 (t. 5.8 Hz, 2H), 3.76 (t, J- 5.8, 2H), 3.57- 
3.46 (m, 4H), 2.91 (q, 7.5, 2H), 2.42 (s, 6H), 1.41 (t, J= 7.5, 3H); MS (APCI) m/z 425 

25 (M + H)*; Anal. Calcd for C22H28N6O3*0.25 H2O: C, 61.59; H, 6.70; N, 19.59. Found: C, 
61.25; H, 6.90; N, 19.72. 



benzoylurea 




NH2 



5 Part A 
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Example 108 
i\^-[({2-[2-(4-Ammo-2-ethyl-^,7-dimethyl-li?-i^ 

yl)ethoxy]ethyl} ami2io)carbonyl]beazeiiesulfonamide 




V X V 

H H O 

5 A solution of l-[2-(2-aminoethoxy)e1hyl]-2-^thyl-6,7-<limethyl-l 

c]pyridin-4-amine (1.45 g, 5.23 mmol), obtained as desoibed in Part A of Example 107, 
was treated with benzenesulfonyl isocyanate (0.70 ml^ 5.2 mmol) using a modification of 
the method described in Example 1 05. The crude reaction noixture was concentrated 
under reduced pressure, and the residue was purified by column chromatognqphy on silica 

10 gel (elutmg with 79.5:19.5:1 dicMoromethanemieihanol:triethylanQine) to provide a white 
solid. The solid (1.05 g) was stirred with 90:10 dichloromethanermetiianol (40 mL), 
isolated by filtration, and recrystallized from DMF (10 mL) to provide 6.41 g of JV-[({2-[2- 
(4-amino-2-ethyl-^,7-Kiimethyl-lJy-imidazo[4,5^^ 

yl)elhoxy]ethyl}amino)caibonyl]benzenesulfonamide as a white Isolid, mp 201-203 ®C. 
15 MS(ESI)ot/z461(M + H)*, 

Exaiiq)lel09 

2-<Ethoxymethyl)-6,7-dimethyl-l-[2-^yridin-4-yhnefhoxy)ethyl]-l^^ 

c]pyridin-4-amine 



20 




Part A 
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(2-CWoro-5,6-dimethyl-3-iutropyridin-4-yl)-[^^ 
(19.6 g, 58.2 mmol), which was prepared as described in Parts A throiigh C of Example 
84, was treated with sodium azide (7,57 g, 1 16 mmol) using the general method described 
in Part A of Example 92. The crude solid was recrystallized from acetonitrile to provide 
5 16.2 g of (5,6-dimeth)d-8-nitrotetrazolo[l,5-a]p3ddin-7-y^^ 
ylmethoxy)6thyl]amine as an orange solid. 
PartB 

(5,6-Dimethyl-8-nitiotetraazolo[l,5-<i]pyridin-7-ylH2-(p 
^ethoxy)ediyl]amine (162 g, 46.9 mmol) was hydrogenated using the conditions 

10 described in Part G of Exan^jle 80 with the following modij&cation. The filter cake was 
washed witii hot toluene and 50:50 dichloromethaneunetihanol, the IBltrate was 
concentrated under reduced pressure to provide Ifae crude product, which was triturated 
wifli diethjd eflier and isolated by filtration to afford 5,6'<iimefliyl-iV^-[2-<pyridin-4- 
ylmethoxy)ethyl]tetrazolo[l,5"a]pyridine-7,8-^amine as a white solid 

15 Parte 

The general method described in Part E of Example 82 was used to convCTt 5,6- 
dimethyl-i\^-[2-(pyridin-4-yhnethoxy)e1hyi]tetrazoIo[l,5-^^ (6.0 g, 

19 mmol) to 8-ethoxy-5,6-dimethyl-7-[2-(pyridin-4-)imethoxy)e%^ 
c]tetrazolo[l,5-fi]pyridine. The crude product was triturated with diethyl ether, isolated by 
20 filtration, and recrystallized from acetonitrile (1.8 mL/g) to provide 4.53 g of the desired 
product as ofT-wfaite crystals. 
PartD 

Under a nitrogen atmosphere, a solution of 8-^oxy-5,6-dimethyl-7-[2-(pyridin-4- 
yhnefhoxy)e£hyl]-7fr-inaddazo[4,5-c]tetra2»loIl,5-fl]py^ (4.04 g, 10.5 mmol) and 

25 triqphenyl phosphine (3.04 g, 1 1.6 mmol) m xjdene (50 mL) was heated at reflux for 1 8 
hours. The solution was allowed to cool to room temperature, and the voladles were 
removed undCT reduced pressure. The residual oil was treated with aqueous hydrochloric 
acid (50 mL of 1 M) and stin:ed for 30 minutes; a white precipitate formed. The solution 
was then washed with dichloromethane (3x2 mL), treated with 1 N aqueous potassium 

30 hydroxide to adjust to pH 14, and cooled to near 0 **C. The product precipitated and was 
isolated by filtration, washed with diethyl ether, and dried under reduced pressure. The 
resulting solid was washed with water, isolated by filtration, washed with diethyl ether, 
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and recrystallized from toluene. The solid was dissolved ia mettianol, and flie solution 
was concentrated under reduced pressure. Ibis was r^eated three limes before the solid 
was finally triturated with diethyl ether and isolated by filtration to provide 2. 17 g of 2- 
(ethoxymethyl>6,7-dimethyl-l-[2-<pyridin-4-yhneflio3iy)ethyl]-liI^ 

5 4-amine as small tan crystals, mp 143-145 °C. 

'HNMR (300 MHz, DMSO) 6 8.45 (d, J= 6.2 Hz, 2H), 7.11 (d, /= 5.6 Hz, 2H), 5.80 (s, 
2H), 4.69 (s, 2H), 4.61 (t, 5,6 Hz, 2H), 4.48 (s, 2H), 3.80 (t, /= 5.6 Hz, 2H), 3.48 (q, J 
- 6.9 Hz, 2H), 2.37 (s, 3H), 231 (s, 3H), 1.10 (t, 7= 6.9 Hz, 3H); 
MS (APO) m/fe 356 01 + H)*; 

10 AnaL Calcd for C19H25N5O2: C, 64.20; H, 7.09; N, 19.70; Found: C, 63.93; H, 7.43; N, 
19.76. 



15 



Kcanq>le 110 

2,6,7-Trimei&yl-l-[2-^yridin-4-ylmelfaoxy)ethyl^ 





N 

Using the general mefhod described in Part E of Exaxqple 85, 5,6-d]mediyl-iV^-[2- 
(pyridin-4-ylmethoxy)efhyl]tetrazoto^ (6.0 g, 19 mmol), 

piqpared as described in Parts A and B of Example 109, was treated with 
triethylorflioacetate (3.7 ml^ 20 nmiol) in lien of trimethylorthobutyrate. The crude 
20 product was triturated with diethyl ether and isolated by filtration to provide 6.07 g of 
5,6,8-trimethyl-7-[2-(pyridin-4-ylmethoxy)ethyl]-7if-^ 
c]pyridine as a brown solid. 
PartB 

The general method of Part D of Example 109 was used to convert 5,6,8-trimethyl- 
25 7-[2-(pyridin-4-ylmethoxy)ethyl]-7F-imidazo[4,5-^;]tetrazoto (4.44 g, 13.0 

mmol) to 2.18 g of 2,6,7-trimethyl-l-[2-(pyridin-4-ylmethoxy)ethyl]-lJ?-^ 
c]pyridjn-4-amine, which was obtained as a white sofid, mp 208-210 ^C. 
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NMR (300 MHz, DMSO) 5 8.45 (m, 2H), 7.1 1 (d, J= 6.2 Hz, 2H), 5.64 (s, 2H), 4.50 
(t, /= 5.6 Hz, 2H), 4.48 (s, 2H), 3.77 (t, J= 5.3 Hz, 2H), 2.50 (s, 3H), 2.33 (s, 3H), 2.29 
(s, 3H); MS (APCI) w/z 312 (M+H)"^; 

Anal. Calcd for C17H21N5O: C, 65.57; H, 6.80; N, 22.49; Found: C, 65.60; H, 6.84; N, 
5 22.57. 

Bmxq)lelll - 
2-(Ethoxymeih3^,7-dinielhyl-l-{2-[(3-p3^ 

i inddazo[4,5-c]pyddin-4-amine 




PartA 

Using a modification of the method described in Part A of Example 85, 2-(2- 
cUoro-5,6-dimethyl-3-nitropyridin-4-ylamiao)ethanol was prepared. Ethanolamine was 
used in lieu of 5-aniino-l-pentanol, and the reaction was heated at 60 for six hours. 
15 Part B 

Pyridine (1.0 mL, 12 nnnol) and 4-dimethyianiinopyridine (DMAP) (0.005 g, 0,04 
mmol) was added to a solution of 2-<2-chloro-5,6-dimethyl-3-mtropyridin-4- 
ylaniino)ethanol (0.50 g, 2.0 nmol) in anhydrous dichloromethane (4.5 mL). Under a 
nitrogen atmosphere, acetic anhydride (0.8 ml^ 8 mmol) was added, and the yellow 

20 solution was stirred at room tenq)erature for 1.3 hours. The volatiles were removed under 
reduced pressure, and the residual yellow oil was dissolved in dichloromethane. The 
solution was wa^ed with aqueous sodium bicarbonate, water, and brine, and ttien dried 
over sodium sulfete, filtered, and concentrated under reduced pressure to provide 0.55 g of 
acetic acid 2-<2-cUoro-5,6-dimethyl-3-nitropyridin-4-ylamino)efh3d ester as a yellow 

25 solid. 

\ 
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Parte 

A modification of the method of Part A of Example 92 was used to convert acetic 
acid 2-(2-cMoro-5,6-<Jimethyl-3-mtropyridin-4-ylamino)ethy ester (8.02 g, 27.9 mmol) to 
acetic acid 2-(5,6-KUmethyl-8-nitrotetrazolo[l,5-a]pyridin-7-yi^^ ester. A 3:1 
acetomtrile:water mixture was used as the solvent, and the reaction was heated at reflux 
for 21 hours. The crude product was obtained as an oil, which was triturated with diethyl 
ether, isolated by filtration, and washed with water and diethyl ether to provide 7-3 g of the 
desired product 

PartD \^ , '. 

The procedure described in Part F of Bxample 80 was used to conVeal acetic iadd 
2-(5,6-dime<h3d-8-nitrotetraazoto[l,5-a]pyridin-7-^anm dster (6.18 g,;21;0 romol) 
to 5.20 g of acetic acid 2-(8-ainindHS,6-dimethyltetrazolo[l,S-<i]pyd 
ester, which was obtained as a tan solid. , 
PartE 

The method described in Part E of Example 82 was used to convert acetic acid 2- 
(8-amino-5,6Kiimethyltetrazolo[l,S«<z]pyridin-7-ylanm ester (5.20 g, 19.7 mmol) 
to 6.10 g of acetic acid 2-<8'-elhoxymethyl-5,6-dimethyl-7£r-irnidazo[4,S-c]tetr^ 
a]pyridin-7-yl)ethyl ester, which was obtained as a tan solid. 
PartF 

A mixture of 2-^8-e&oxymethyl-5,6-dimethyl-7JT-inudazo[4,5-c]tetra2X)to 
a]pyiidin-7-yl)ethyl ester (6.10 g, 18,4 mmol) and methanol (60 mL) was stirred and 
heated to 70 °C. Potassium carbonate (1.90 g, 13.8 mmol) was added to the resulting 
solution, and the reaction was stirred at 70 for 15 mmutes then allowed to cool to room 
temperature. The volatiles were removed under reduced pressure, and the residue was 
dissolved in 9:1 dichlon>methane:methanol and filtered through a layer of silica gel (53 g). 
The volatQes were removed under reduced pressure to provide 4.98 g of 2-(8- 
ethoxymethyl-S,6Hiimethyl-7J7-inudazoi^^^ as a 

soHd containing some minor kupurities. 

PartG . . / ' // 

The me&od described in Part A of Exanq[)le 81 was followed. 2-(8-Ethoxymethyl- 
5,6-dimethyl-7iy-imidazo[4,5-^]tetra2X)lo[l,5-ate & 16/8 mmol) 

was used m lieu tertAmtyl 2-hydroxyethyicarbamate. 8-Ethoxymethyl-5,6-dimethyl-7-(2- 
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prop-2-ynyloxyethyl)-7H-iinidazo[4,5-c]tetr^ (5,5 g), containing some 

minor inqmiities, was obtained as a white solid. 

PartH 

The method described in Part B of Example 81 was followed, 8-Elhoxymethyl- 
5 5,6-4imethyl-7-(2-prop-2-ynyloxyefhyl>7/r-nm (5.5 g, 

17 mmol) was used as the starting material in lieu of tot-bntyi 2-(prop-2- 
ynyloxy)efhylcaibamate, and 5-bromopyrimidine was used in lieu of 3-bromopyridine. 
The crude product was purified by column chiomatogr^hy on silica gel (620 g, ehiting 
with 98:2 dichloromethanemefhanol), and the resulting solid was mixed wifli 2-propanol 
10 (150 mL). Insoluble impurities were removed by filtration, and the solution was 

concentrated to a volume of 20 mL. The product crystallized and was isolated by filtration 
and washed with 2-propanol and diethyl ether to provide 6.10 g of 8-ethoxymethyl-5,6- 
dimeth>i-7-[2-<3-pyrimidin-5-ylprop-2-ynyloxy)ethyl]-7H-M 
a]pyridine as white crystals* 
15 Parti 

The method described in Part D of Example 109 was used with the following 
modification. The reaction was carried out in refluxing toluene, and 8-ethoxymethyl-5,6- 
dimethyl-7-[2-(3-pyrinMdin-5-ylprop-2-yayloxy)ethyl]-7i^^ 

a]pyridme (6.20 g, 15.3 mmol) was used in Ueu of 8'ethoxy-5,6-dimethyl-7-[2-(pyridin-4- 
20 yhnethoxy)ethyl]-7J?-imidazo[4,5-c]tetra2»lo[l,5-a]pyri The crude product was 
purified by column chromatogr^hy on silica gel (200 g, elutmg with 95 :5 
dichloromefhanemethanol) to provide 0.852 g of 2-(ettioxymethyl)-6,7-dimethyU-{2-[(3- 
pyriinidin-5-ylprop-2-ynyl)oxy]ethyl}-lH-inmdazo[4,^ as a white 

powder, mp 122-124 

25 NMR (300 MHz, DMSO) 8 9.18 (s, IH), 8.83 (s, 2H), 6.05 (s, 2H), 4.70 (s, 2H), 4.61 
(t, J= 5.6 Hz, 2H), 4.44 (s, 2H), 3.90 (t, J= 5,6 Hz, 2H), 3.50 (q, J= 6.9 Hz, 2H), 2.40 (s, 
3H), 2.30 (s, 3H), 1.12 (t, /= 7.2 Hz, 3H); 
MS (APCI) m/z 381 (M + H)*; 

Anal. Calcd for C20H24N6O2: C, 63.14; H, 6.36; N, 22.09; Found: C, 62.84; H, 6,37; N, 
30 22.12. 
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Example 112 
2-(Ethoxjmethyl)-6J-dimefhyl-l-[2~(3-p>^^ 

c]pyridiii-4-an3ine 




5 Under a nitrogen purge, 2-<eiiioxymethyl)-6 J-<limethyl-l-{2^ 

ylpxop-2-yayl)oxy]e1hyl}-l/f-imidazo[4,5-c3pyridin-4- (0.69 g, 1.8 mmmol), 
prq)ared as described in Example 111, 10% palladium on carbon (0.1 g), and methanol 
(10 mL) were added to a Parr vessel. The vessel was placed under hydrogen pressure (50 
psi, 3.4 X 10^ Pa) for 2.5 hours. The reaction mixture was filtered Ihrough a layer of 

10 CELTTE filter aid, and the filter cake was rinsed with methanol (200 mL). The filtrate was 
concentrated under reduced pressure to yield an oil, which was triturated with diefliyl ether 
Ihen recrystallized firom toluene (3 mL). The crystals were dried for 24 hours at 94 °C and 
then dissolved in methanol. The solution was concentrated to provide an oil that was 
triturated with diethyl ether and dried undo: reduced pressure to provide 0.202 g of 2- 

15 (e*hoxymefhyl)-6,7-dmethyl-l-[2-<3-pyriniidin-5-^^ 
clpyridin-4-anaine as a white powder, mp 127-129 °C. 

^HNMR (300 mSz, DMSO) 8 9.00 (s, IH), 8.54 (s, 2H), 5.79 (s, 2H), 4.69 (s, 2H), 4.54 
(t, J= 5.6 Hz, 2H), 3.70 (t, /= 5.6 Hz, 2H), 3.5 (q, J« 7.1 Hz, 2H), 3.33 (t, /= 6.2 Hz, 
2H), 2.47 (t. J- 8.1 Hz, 2H), 2.39 (s, 3H), 2.31 (s, 3H), 1.74 (p, /= 7.5, 6.2 Hz, 2H), 131 
20 (t,J=6.9Hz,3H); 

MS (APCI) m/z 3 85 (M + H)""; 

Anal. Calcd for CaoHzaNeOi: C, 62.48; H, 7.34; N, 21.86; Found: C, 62.20; H, 7.34; N, 
21.58. 
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Example 113 
JV^ {2-[2-(4-Ammo-7-bromo-2-propyl- 
lif-mu<iazo[4,5-c]pyridin-l-yl)ethoxy3eth^^ 




{4.. 



Solid potassium acetate (0.62 g, 632 mmol) was added to a solution ofN- 2 
amino-2-propyl-l/^iinidazo[4,5-^]pyridin4-yl)ethoxy]^ ( i ^ 

5.27 mmol) in acetic acid (32 mL). After the potassium acetate had dissolved hxomk 

10 (1.26 g, 7.91 mmol) was added dropwise. The reaction was stiired at ambient teit?pe:i v - 
for 40 minutes at which time analysis by thin layer cliromatography indicated thai ih ■ 
reaction was compUsto. Bxcess bromine was quenched by the addition of saturated 
aqueous sodium bisulfite (- 1 mL). The pH of the reaction mixture was adjusted ? . c X 
by flie addition of saturated aqueous sodium bicarboiiate (100 mL) folkiwed by the 

IS addition of solid sodium bicaibonate. The reaction mi^pture was extrat^wit^ 

dichloromefhane (2 x 100 mL), The combined extracts' were washed sequentially 'h Ita 
water, saturated aijaeoiis sodium bicaibonatB (100 mL) and brine (100 mL), dried o ver 
sodimn sul&te, filtered and then concentrated under reduced pressure to provide a laip^.n. 
gooey solid. This material was purified by chromatogcqiliy (sitica gel eluting with 95 i 

20 dichlotomeflianeanethanol) to provide 1.7 g of iy-{2-[2-(4-amino-7-b«)mo-2r-propyl- iii- 
imidazo[4,5-c]pyridin-l-^)ethoxy]etiiyl}mefhanesulfbnamide as a white waxy solid, mo 

129-131 'C. 

^HNMR (300 MHz, DMSO-de) 87.68 (s, IH), 7.00 (t, J= 6.0 Hz, IH), 6.21 (bs, 2H), 4 : 
(t, /= 5.7 Hz, 2H), 3.75 (t, J= 5.7 Hz, 2H^A2 (t, J= 5.7 Hz, 2H), 3.03 (q, J= 5 .9 H 
25 2H), 2.86 (t, 7.5 Hz, 2H), 2.84 (s, 3H), |k (sexte^ J= 7.5 Hz, 2H), 1.01 (t, J- 7. 1 
Hz, 3H); MS (ABCQ m/z 420/422 (M + 1^ 

AnaL Calcd fbrcfi4H22BrN503S: C, 40.01; H; 5.28: N, 16.66. Found: C, 39.66; IL 4.9?:, 

N, 16.29. [ ■■■'< \, 
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Example 114 

l-[2-(2-Aminoethoxy)ethyl]-7-bromo-2-propyl-liI-im 



B, 

o 




5 PartA 



Using the general method of Example 113, ^ert-butyl 2-[2-(4-amino-2-propyl-lff- 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethylcaibaoiate (0.9 g, 2.48 mmol) was brominated to 
provide 0.85 g of /^-butyl 2-[2<4-ainmo-7-bromo-2-propyl-liy-iimdazo[4,5-^^^ 
yl)etlioxy]etliylcarbamate as a bxawn foam. 



Hydrochloric add (1 .8 mL of 425 M in efhanol) was added to a solution of the 
material fix>m Pact A in ethanol (10 mL). The reaction was heated at roflux for 1 hour and 
thea concentrated under reduced pressure to provide a brown foam. The foam was 
recrystallized ftom ethyl acetate (13 mL) to provide 0.4 g of l-[2-(2-aminoethoxy)efhyl]- 
15 7-bromo-2-ipropyi-liy-imidazo[4,5-c]pyridin-4-anm as brown rock-needles, rngp 114 - 
117 •^C. 

Anal. Calcd for CisHioBrNsO: C, 45.62; H, 5,89; N, 20.46. Found: C, 45.90; H, 5.58; N, 
20.15. 

20 Example 115 



10 Parts 



N- {2-[2-(4-Amino-7-bromo-2-propyl- 
lif-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}-4-cM 




NH 
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Tiiethyiamine (0.07 g, 0.66 mmol) was added to a solution of l'[2'(2' 
ainmoeQioxy)ethyl]-7-bromo-2-pmpyl-li7-i^ (0.15 g, 0.44 

mmol) in dicMoromefhane ( 2 mL). 4-Chlorobenzoyl chloride (0-09 g, 0.53 mmol) was 
added diopwise to the reaction mixture. The reaction mixture was stirred at ambient 

5 tOTiperature for 10 minutes at which time analysis by thin layer chromatogr^hy mdicated 
that the reaction was complete. The reaction mixture was partitioned between 
diddoromefhane (30 mL) and saturated aqueous sodium bicaibonate (20 mL). The layers 
were separated. The organic layer was washed sequeutially with saturated aqueous 
ammonium chloride (20 mL) and brine (20 mL), dried over sodium sulfiite, filtered and 

10 then concentrated under reduced pressure to provide 0.23 g of a clear, glassy solid. The 
crude mtfeHal was purified by chromatography (silica gel eluting with 95:5 
dichloromethanemethanol) to provide 0.05 g of iV'-{2r[2-<4-amino-7-bromo-2-propyl-lJy- 
imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}-4-chlorobffl^ as a white amorphous solid. 
NMR (300 MHz, DMSO-^ 5 8.46 (t, J= 5.6 IH), 7.80 (d, /= 8.7 Hz, 2H), 7.66 

15 (s, IH) 7.53 (d, J= 8.7 Hz, 2H) 6.21 (bs, 2H), 4.55 (^= 5.7 Hz, 2H), 3.75 (t, J= 5.7 Hz, 
2H), 3.42 (t, 5.7 Hz, 2H), 3.03 (q. J= 5.9 Hz, 2Bi), 2.86 (t, /= 7.5 Hz, 2H), 2.84 (s, 
3H), 1.81 (sextet, J= 7.5 Hz, 2H), 1.01 (t, J== 7.5 Hz; 3H); 
MS (APCI)m/z 480/482 (M + H^*; 

Anal. Calcd for C20H23B1CIN5O2 • 0.25 H2O: C, 4S^^b; H, 4.88: N, 14.43. Found: C, 
20 49.43; H, 4.81; N, 14.13. p 

* v.. ' 

Bxanq)le 116 
iV'-{2-[2-<4-AmiiiD-7-lin)mo-2-propyi- 
lir-mudazo[4,5H:]p5ddin-l-3d)eflioxy]eih^}-A'H^ 

•a 



25 




Cyclohex^ isocyanate (0.09 g, 0.69 mmol^was added dropwise to a suspension of 
l-[2<2-ammoeflioxy)ethyl]-7-bioilno-2-propyl-li^M 

g, 0.63 mmol) in dichloiomethanef( 3.5 mL). The reaction mixture became homogeneous 
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for a short time and then a precipitate formed. The precipitate was isolated by filtration 
and washed with dichloromethane to provide 0,23 g of a beige powder, which was 
recrystallized firom ethanol (1.5 mL) to provide 0.06 g of iV^{2-[2-(4-atnino-7-bromo-2-' 
propyl-lif-imidazo[4,5-c]p5aidia-l-yl)ethoxy]ethyl}-^ as white needles, 

mp 185-186 

*H NMR (300 MHz, DMSO-rf^) 5 7.67 (s, IH), 6.20 (bs, 2H), 5.78 (d, 7.5 Hz, IH) 
5.65 (t, J= 5.3 Hz, IH) 4.53 (t, /= 5.7 Hz, 2H), 3.73 (t, J= 5.7 Hz, 2H), 3.33 (t, /= 5.9 
Hz, 2H), 3.07 (q, 5.9 Hz, 2H), 2.85 (t, J= 7.5 Hz, 2H), 1.81 (sextet, J« 7.5 Hz, 2H), 
1.73-1.69 (m, 2H), 1.64-1.60 (m, 2H), 1.53-1.49 (in,2H), 1.26-1.06 (m, 4H) LOO (t, J= 
7.5Hz,3H); 

MS (APCI) m/z 467/469 (M + H)"". 

Anal. Calcd for CzoHaiBrNeCh: C, 51.39; H, 6.68: N, 17.98. Found: C, 51.35; H, 6.73; N, 
18.05. 

Example 117 
JV^ {2-[2-(4-Amino-7-hex-l-ynyl-2-propyl- 
li?-inddazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfoii^ 



DicUorobis(triphenylphosphine)palladiTim(II) (0.25 g, 0.36 mmol) and copper (T) 
iodide (0.14 g, 0.71 mmol) were added to a suspension containing AT- {2-[2-(4-ainino-7- 
bromo-2-propyl-lH-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}me&anesutf^ (1.5 g, 
3.57 mmol), triethylamine (2 mL, 14 mmol), hexyne (1.23 mL, 10.7 mmol) and 
acetonitrile (1 8 mL). The reaction was heated to reflux and the progress was monitored by 
high performance liquid chromatography. After 2.5 hours hexyne (1 eq.), 
dichlorobis(triphenylphosphine)palladium(II) (0.1 eq) and copper (I) iodide (0^ eq) w©:e 
added. After an additional hour dicUorobis(triphenylphosphine)palladium([I) (0.1 eq) and 
copper (I) iodide (0.2 eq) were added. After a total reaction time of 5.5 hr the reaction 
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mixture was allowed to cool to ambimt temperature and then it was concentrated under 
leduced pressure to provide a daik oiL The oil was partitioned between dichloromethane 
(200 mL) and saturated aqueous ammonium chloride (100 mL). The organic layer was 
separated, washed with brine (100 mL), dried over sodium sul£at6, filtered and then 

5 concentrated under reduced pressure to provide a dark sludge. This material was purified 
by chiomatogr^hy (silica gel elutmg with 95:5 dichloromethanermethanol) to provide 1.0 
g of a blown oil which was found to be a 85:15 mixture of product and starting material. 
The oil was combined with trieth^amine (1.5 eq), hexyne (1 eq.), acetonitrile (5 mL), 
dicWorobis(tripheny]^hosphine)palladium(II) (0.1 eq), and copper (I) iodide (0,2 eq) and 

10 then heated at reflux for 2 hr. The reaction mixture was allowed to cool to ambient 
temperature and then stirred for 20 hr. The reaction mixture was concentrated under 
reduced pressure to provide a dark oil. The oil was purified by chromatography (silica gel 
eluting with 95:5 dichloromethanemethanol) to provide JV-{2-[2-(4-amino-7-hex-l-ynyl- 
2-propy^ 

15 li/-imidazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}methanesulfona^ as a colorless oil. 

NMR (300 MHz, DMSO-de) S 7.68 (bs, IH), 6.99 (t, 6.0 Hz, IH), 630 (bs, 2H), 
4,55 (t, J= 5.7 Hz, 2H), 3.74 (t, J= 5.7 Hz, 2H), 3.41 (t, /= 5.7 Hz, 2H), 3.03 (q, J= 5.9 
Hz, 2H), 2.86-2.81 (m, 5H), 2.46 (m, 2H), 1.83 (sextet, /= 7.5 Hz, 2H), 1.59-1.40 (m, 
4H), 1.00 (t, J= 7.5 Hz, 3H), 0.93 (t. 7.2 Hz, 3H); 

20 MS (APCI) m/z 422 (M + H)^ 



Example 118 
N' {2-[2-(4-Ammo-7-hexyl-2-propyl- 
lH-]nddazo[4,5-<;]pyridin-l-yl)efhoxy]e1hyl}methanesulf^ 




■ I: 

Solid palladium on carbon (0:5 g of 10%) was added to a Parr vessel and then 
wetted with isopropanol(l mL). i\r-{2-[2-(4-Amino-7-hex-l-ynyl-^ 

2A6 
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imidazo[4,5-c]pyridin4-yl)ethoxy]ethyl}methanesulfonaim g) was added to lie 

vessel followed by tiie addition of methanol (-10 mL). Thie vessel was placed on a shaker 
and placed under hydrogen pressure (50 psi, 3.4X10^ Pa). After 20 hours the ruction 
mixture was filtered tbrou^ a layer of CELITB filter agent to remove the catalyst and the 

5 filter cake was washed witti methanol (~100mL). The filtrate was concentrated under 
reduced, pressure. The residue was purified by chromatography (silica gel eluting with 
95:5 dichioromethane:methanol) to provide JV^{2-[2-<4-amino-7-he39rl-2-p^^ 
imidazo[4^-c]pyridinrl-yi)ethoxy]^yl}methaiiesulfonamide as a clear oil. 
*H NMR (300 MHz, DMSO-rftf) 5 738 (s, IH), 6.97 (t, J= 6.0 Hz, IH), 6.00 (bs, 2H), 

10 4.35 (t, J= 5.7 Hz, 2H), 3.68 (t, /= 5.7Hz, 2H). 3.37 (m, 2H), 3.00 (q, J= 5.9 Hz, 2H), 
2.84 (t, J= 7.5 Hz, 2H), 2.82 (s. 3H), 2.72 (t. J= 7.5 Hz, 2H), 1.81 (sextet, J= 7.5 Hz, 
2H), 1.55-1.50 (m, 2H), 1.37-1.28 (m, 2H), 1.01 (t, J= 7.5 Hz, 3H), 0.89-0.84 (m, 3H); 
MS (APCIO m/z 426 (M + H)*. 

IS Example 119 

4-[3-(4-Anadmo-6,7-dimethyl-2-propyl-liir-imidazo[4,5-c]pyiidin-l-yl)^ 

6ulfbnyl]-^-butyibeiizamide 




O 



The graieial mefihods described in Exaiiq)le 101 were followed witii the following 
20 modifitcatians. To one-third of the crude solution of 4-[3-(5,6-dimethyl-8-prop3d-7^r- 
inridazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)propane-l-sulfonyl]beiizoyl chloride in 
dichloiomethane, described in Part B of Example 101, was added butylamine (6.49 mL, 
4.9 mmoQ in lieu of morpholme, and the reaction was stirred ovemi^ Additional 
butylamine (0.5 mL) was added, and the reaction was stilted for two hours. 
25 Dichloromethane (100 mL) was added to the reaction mixture, and tiie resulting solution 
was washed with saturated aqueous sodium carbonate (3 x 25 mL), wiater ^ x 25 mL), 
10% by volume acetic acid in water (3 x 30 mL), and water (30 mL), dried over sodium 
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sulfate, filtered, and concentrated under reduced pressure. The crude product was dried 
for three hours in a vacuum oven at 100 and then triturated with ethyl acetate to 
provide a solid that was isolated by filtration and dried for three hours in a vacuum oven at 
90 **C. Ar-Butyl-4-[3-(5,6-Klimethyl-8-propyl-7fl-imidazo[^^^ 

5 yl)propane-l-sulfonyl]beiizamide (830 mg, L62 mmol) was treated as described in Part C 
of Example 101 • The crude product was purified by column chromatogr^hy on silica gel 
(eluting sequentially with chloroform and 90:10 chloroformrmethanol) to provide the 
product as an oil, which was recrystallized from ethyl acetate-Jieatane with a few drops of 
methanol to yield crystals. The crystals were isolated by filtration, washed with hexanes, 

10 and dried in a vacuum oven at 80 ^'C to provide 0.18 g of 4-[3-(4-amino-6,7-dimefliyl-2- 
propyi-lH-imidazo[4,5-c]pyridin4-yl)propane-l-sulfonyl]-^^ as a white 

powder, mp 147.0-149.0 ^C. 

NMR (300 MHz, CDCI3) 5 7.83-7.75 (m, 4H), 6.71-6.63 (m, IH), 4.83 (br s, 2H), 435 
(dd, J== 7.2, 7.2, 2H), 3,50 (quart, /== 7.2, 2H), 3.05 (dd, /= 7.5, 7.5, 2H), 2.74 (dd, J= 

15 7-7, 7.7, 2H), 2,35 (s, 3H), 2.28 (s, 3H), 2.13 (qmnt, 7,4, 2H), 1.84 (sextet, 7= 7.6, 
2H), 1.73-1.62 (m, 2H), 1.46 (sextet, J- 7.3, 2H), 1.05 (t, J= 7.3, 3H), 0.99 (t, 7.3, 
3H); 

MS (APC3) Jw/^ 486 (M + H)"^; 

Anal. Calcd for C25H35N5O3S: C, 61.83; H, 7.264; N, 14.42; Found: C, 61.50; H, 7.2; N, 
20 14.06. 

Example 120 

4-[3-(4-Anuno-^,7-dimethyl-2-propyl-lfl^nnidazo[4,5-^^ 
sulfonyQ-iV^-butyl-N-methylbenz^ 




The general methods described in Example 101 were used with the following 
modifications. To one-third of flie crude solution of 4-[3-(5,6-dimethyl-8-propyl-7/Z- 
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inudazo[4,5-<:]tetrazolo[l,5-a]pyridin-7-yl)p chloride in 

dichloromethane, described in Part B of Example 101, was added JV-methyl butylamine 
(0.583 mL, 4.92 nimol) in lieu of morpholine, and the reaction was stirred overnight. 
Additional A^methyl butylamine (0.5 mL) was added, and the reaction was stirred for two 
5 hours. The crude product was recrystallized from ethyl acetateihexane, and the crystals 
were dried for three hours in a vacuum oven at 90 ''C. iV^Butyl-4-[3-(5,6-dimethyl-8- 
prqpyi-7fr-imidazo[4,5-c]tetrazolo[l,5-a]pjddin-^^ 

benzamide (770 mg, 1.46 mmol) was treated as described in Part C of Example 101. The 
crude product was recrystallized from ethyl acetaterhexane with a couple drops of 
10 methanol to provide crystals, which were isolated by filtration, washed with hexane, and 
dried for four hours under high vacuum at 50 to provide 0.56 g of 4-[3-(4-ammo-6,7- 
dime1hyl-2-prppyl-lJy-hmda2o[4,5-c]pyridin-l-yl^ 

mefhylbenzamide as a white powder, mp 127.0-129.0 NMR (300 MHz, CDCh) 8 
7.95 (d, J= 8.4, 2H), 7.58 (d, J= 8.4, 2H), 4.92 (br s, 2H), 4.42 (dd, 7= 7.8, 7.8, 2H), 3.55 
15 (dd, J- 7.8, 7.8, IH), 3.21 ^ 3.05 (m, 4.5 H), 2.90 (s, 1.5 H), 2.77 (dd, J= 7.7, 7.7, 2H), 
2.43 (s, 3H), 2.39 (s, 3H), 2.23 (quint,/- 7.6, 2H), 1.93-1.36 (m, 5H), 1,15 (quart, J- 7.5, 
IH), 1.07 (t, /= 7.4, 3H), 0.99 (t, /= 7.0, 1.5H), 0.81 (t, /- 7.4, 1.5H); 
MS (APCI) m/z 500 (M + H)""; 

Anal. Calcd for C26H37N5Q3S: C, 62.50; H, 7.464; N, 14.02; Found: C, 62.26; H, 7.78; N, 
20 13.87. 

Example 121 

l.[2-(2-Ammoelhoxy)elh3d]-6-cMoro-7-methyl-2-p^ 

amme. 



25 




Part A 
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Under a nitrogen atmosphere, propanenitrUe (120 mL, 1.7 nmol) was added 
dropwise to malonyl dichloride (100 g, 0,709 nmol), and the reaction was stirred for 24 
hours at room temperature dnrii^ which time a precipitate formed. Dioxane (300 mL) 
was added to the reaction mixture, and the precipitate was isolated by filtration and 
5 washed with dioxane (100 mL) to provide a tan solid. The solid was dissolved in a 
niixtureofdioxane (75 mL)andmethanol (30 niL) with heating. The methanol was 
removed under reduced pressure, and a white precipitate formed, which was isolated by 
filtration and washed with dioxane. The solid was dried overnight in a vacuum oven at 80 
to provide 13.0 g of 6-cMoro4-hydroxy-5-methylpyridin-2(lfl)-one hydrochloride 
10 hydrate as a white solid 

PartB i 

A solution of 6-chloro-4-hydroxy-5-methyIpyridin-2(lfl)-<>i^^ hydrochloride 
hydrate (67.0 g, 0.313 mmol) in concentrated sulfuric acid (335 mL) was cooled to -0 "^C; 
nitric acid (19.6 mL of 16 M) was added dropwise over a period often minutes. The 
15 reaction was stirred for 20 minutes and then poured slowly into 2.5 L of ice water. A 
yellow precipitate formed, which was isolated by filtration and dried overnight m a 
vacuum oven at 60 ^^C to provide 39.7 g of 6-chloro-4-hydroxy-5-methyl-3-nitropyridin- 
2(L£0-one as a yellow solid. 
Parte 

20 A solution of 6-chloro-4-hydioxy-5-methyl-3-niti:<q)yridin-2(l^^ (10.9 g, 53.4 

mmol) m dichloromethahe (380 mL) was cooled to 0 "^C. Triethylamme (22.3 mL, 160 
mmol) was added, and flie solution was stirred for ten minutes. Trifluoromeflianesulfonic 
anhydride (18.0 mL, 1 07 mmol) was then added dropwise over a period of five minutes, 
and the solution was stirred for 1.5 hours at 0 X. A solution of /ert-butyl 2-(2^ 

25 aminoethoxy)ethylcarbamate (12.0 g, 58.8 mmol), prepared as described m Parts A 

through D of Example 102, in a small amount of dichloromethane was then added over a 
period of five minutes, and the reaction was allowed to warm to room temperature slowly 
and stirred overnight The solution was then washed with water (2 x 150 mL) and brine 
(150 mL), dried over magnesium sulfate, filtered, and concentrated under reduced 

30 pressure. The residue was purified by column chromatography on silica gel (eluting 

sequentially with 80:20 hexanesiethyl acetate and 50:50 hexanes:efliyl acetate) to provide 
a yellow oil, which was dissolved in diethyl ether and concentrated under reduced pressure 
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to provide 16,5 g of trifluoromelhanesulfomc acid 4-[(2-{2-[(^er^" 

butoxycaibonyl)ainino]ethoxy}ethyl)ainino]-6-K5U 

as a solid. 

PartD 

5 A solution of trifluoromethanesulfonic acid 4-[(2- {l-Htert- 

butoxycarbonyl)aa±io]ethoxy}etliyl)ainiao]-6-cUoro^ 

(14.3 g, 27.4 nunol), bis(4-m6thoxyb«izyl)anune (7.00 g, 27 A nuuol), and tcietiiylamine 
(3 .82 ml^ 27.4 mmol) in tolu^e (250 mL) was heated at 90 ""C £>r two hours and then 
aUowed to cool to loom tempa:ature overnight Diefh;^ ether (300 mL) was added, and 

10 Ihe solution was washed with water (200 mL) and brine (200 mL), dried over magnesium 
sul&te, filtered, and concentrated under reduced pressure. The residue was purified twice 
by column chromalogi:q>hy on silica gel (eluting sequentially with 80:20 h6xanes:eflLyl 
acetate and 70:30 hexanes:ethyl acetate) to provide 8.73 g of {2-[2-(2-[bis{4- 
methoxybenzyl}amino]-6-cUoro-5-melhyl-3-nitropyridin-4- 

1 5 yiamino)ethoxy]ethyl} carbamic acid ^-butyl ester. 
PartE 

Under a nitrogen atmosphere, sodium borohydride (0.76 g, 20.0 mmol) was added 
in two portions to a solution of nickel (U) chloride hydrate (1.57 g, 6.62 mmol) in 
methanol (160 mL), and the mixture was stirred at room temperature for 15 minutes. A 

20 solution of {2-[2-(2-[bis {4-methoxybenzyl} aimno]-6-chloro-5-methyl--3-mtropyridin-4- 
ylamino)ethoxy]ethyl}cari}amic acid ter^-butyl ester (8.37 g, 13.3 mmol) in methanol (10 
mL) and dichloromethane (10 mL) was then added, and the addition funnel was rinsed 
with a mixture of methanol (10 mL) and dichloromethane (10 mL). The reaction was 
stirred for two hours, during which time additional sodium borohydride was added three 

25 times (0.5 & 0.5, g and 1.0 g). Water (200 mL) was then added, and the methanol was 
removed under reduced pressure. The remaining solution was extracted with diediyl ether 
(700 ml^ 300 mL), and the combined extracts were washed witibi water (200 mL) and brine 
(200 mL), dried over magnesium sulfite, filtered, and concentrated under reduced pressure 
to product the crude product contaminated with water. Toluene (300 mL) was added and 

30 then removed by distillation to provide [2-{2-{3-am]no-2-|his-(4*methoxyb6n27l)amino]-' 
6^2Moro-5-mettiylpyridin-4-ylamino}ethoxy)ethyl]carbamic acid teft-butyl est^, which 
was used in Part F without further purification. 
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PartF 

The material ficom Part E was treated using the general method described in Pm B 
of Example 85 with the following modification. Pyridinium p-toluenesulfonate (0. 1 
equivalent) was used in lieu of pyridine hydrochloride. The cmde product was purified bj 
5 column chromatograpliy on silica gel (eluting sequentially with 80:20 hexanestethyl 
acetate and 70:30 liexanes:efhyl acetate) to provide 5 g of [2<2-{4-[bis-(4- 
methoxybenzyl)anirno]-6-chloro-7-methyl-2-propyl-lff-i^ 

yl}e£hoxy)efliyl]carbamic acid tert-hutyl ester, which was dissolved in dichlorome&:aie 
and concentrated under reduced pressure several times. 
10 PartG 

Trifluoroacetic acid (40 mL) was added to [2-(2-{4-[bis-(4- 
mefhoxybenzyl)amino]-^Woro-7-methyl-2-propyl-li/-imidaOT 
yl}ethoxy)efhyl]carbamic acid fei^-butyl ester (1 g, 1-5 mmol). The reaction was sv/irir. ■ 
until it became homogeaeous and was allowed to stand at room ten^erature ov^ic ;; ". 

15 The reaction was concentrated under reduced pressure, and dichloromethane was mSy: 
and removed under reduced pressure (5 x 40 mL) to provide a white solid. The v 
triturated in chloroform, isolated by filtration, and dried under reduced pressure with 
heating. The solid was dissolved in concentrated hydrochloric acid (5 mL) and s\m:rA' > - 
three hours. Aqueous sodium hydroxide was then added. A white solid formed, v : : 

20 was isolated by filtration, washed with water and diethyl ether, and dried for five he a ■ 
under high vacuum at 70 to provide 0.144 g of l.[2<2-aminoethoxy)ethyl]-6-cMor • > 
meliiyl-2-propyl-l£r-imidazo[4,5-c]pyridin4-amm as a white solid, mp 158.0-16 1 J) • 
*H NMR (300 MHz, DMS0-d6) 6 6.15 (hr s, 2H), 4.43 (t, J= 5.4, 2H), 3,67 (t, J- :> 3.. 
2H), 3.27 (t, J= 5.7, 2H), 2.84-2.79 (m, 2H). 2.54 (t, J= 5.7, 2H), 2.47 (s, 3H), 1.8C- 1 , 7^^ 

25 (m,2H),1.19(brs,2H), 1.00 (t,J= 7.3, 3H); 
MS (APCl) m/z 312 (M + H)*; 

HRMS (ESI) calcd for Ci4H22N50a + H 312.1591, found 312.1588; 

Anal, calcd for Ci4H22N5OCl*0.2H2O: C, 53.31; H, 7.16; 1?, 22.20. Found: C, 5334; H, 

7.23; N, 22.02. 
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Example 122 

2-Etlioxymethyl-6J"dimethyl-l-{2-[(3-phenylprop 

c]pyridin-4-ainine 




PartA 

The general methods described in Parts A and B of ]foample 111 were used to 
prepBxe acetic acid 24(2-cUoro-5,6-dimethyW-mtropyridia-4-yl)an^ ester. 
Using the general method described in Part A of Example 92, acetic acid 2-[(2-chloro-5,6- 
dimethyl-3-nitropyridin-4-yl)amino]ethyl ester (64.0 g, 0.222 mmol) was converted to 
acetic add 2-[(5,6-dimethyl-8-nitrotetrazolo[l,5-^]py^ The 
crude product was triturated with diethyl ether and isolated by filtration to provide 60.0 g 
of die desired product as a yellow solid. 
Parts 

A Parr vessel was charged with acetic acid 2-[(5,6-dimethyl-8-nitrotetrazolo[l,5- 
a]pyridin-7-yl)auuno]ethyl ester (50.0 g, 170 mmol), 5% platinum on carbon (5.00 g), 
toluene (600 mL), and 2-propanol (50 mL) and purged with nitrogen. The vessel was then 
placed under hydrogen pressure (20 psi, ) for 20 hours at room temperature. The reaction 
mixture was filtered through a layer of CELITE filter aid, and the filter cake was washed 
with 90:10 dichloromethane:methanol. The filtrate was concentrated under reduced 
pressure to provide a dark gray solid, which was triturated with diethyl ether, isolated by 
filtration, and dried to provide 41.0 g of acetic acid 2-[(8-amino-5,6-dimethyltetra2olo[l,5- 
a]pyridin-7-yl)amino]ethyl ester as a light gray soUd. 
Parte 

The general methods described in Parts G and H of Exanq)le 80 were used to 
conv«t acetic acid 2-[(8-amino-5,6-dimefhyltetrazolo[l,5-fl]pyridin-7-yl)anm 
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ester (48.8 g, 185 mmol) to 56.5 g of acetic acid 2-(8-etfaoxymethyl-5,6-dimethyl-7j& 
imidazo[4,5-c]tetrazolo[l,5-flE]pyridin-7-yl)eliiyl ester with the following modificatioBS. 
hi Part H, one portion of pyiidme hydrochloride (6.3 g, 54 nmoiol) was added, and the 
reaction was heated at reflux for 20 hours. After the work-up, the desired product was 
5 obtained as a tan soUd, which was used without pimficatioit ^ ' 

PartD V 

The general mettiod described in Part F of Example 111 was used to convert aceck 
acid 2<8-ethoxymefliyl-5,6-dimethyl-7H-u^ 

ester (56.5 g, 170 ncmiol) to 2-<8-e£hoxymethyl-5,6-dimethyl-7£r-imidazd 

10 c]tetrazolo[l,5-<i]pyridin-7-yl)e{hanoL The crude product was purified.by column 

chromatography on silica gel (1.2 kg, ehitmg with 90:10 dichlorometh^e:methanol) to 

provide 48.25 g of the desired product ■ .■], ? 

PartE • 

The general method described in Part A of Exan:Q)le 81 was followed, using 2 ( ^ 

15 ethoxymethyl-5,6-dimethyl-7if-imidaz»[4,5-c]tetrazolo[l,5-a^^ (4 : 

' ''. \ y - 

g, 15.5 mmol) in lieu of /er/-butyl 2-hydroxyethylcarbamate and 3-bronio-l- 

. -J 

phenylpropyne, prepared as described m Part A of Example 7, in Ueu of prbpargyl 
bromide. The crude product was triturated with diethyl ether, isolated^V filtration, aud 
dried mider reduced pressure to provide 5.93 g of 8-ethoxymefhyl-5,6|dimeth)d-7 v> : , : 
20 phenylprop-2-ynyl)oxy]ethyl}-7/f-imidazo[4,5-c]tetra2X)lo[l,5-^^^ as a yello vv 
solid. 

PartF f-' 

The general method described in Part D of Example 109 was followed usmg 3 
ethoxymethyl-5,6-dimelhyl-7-{2-[(3-phenylprop-2-yny9^^ 

25 c]tetrazolo[l,5-a]pyridme (6.47 g, 16.0 mmol) as the starting material. The reaction T/ixh 
triphenyl phosphine (4.61 g, 17-6 mmol) required 41 hours, and tiie hydrolysis of the 
intermediate required 18 hours. The crude product (11.6 ^ was dissolved in 
dichloromefhane and treated with a 1 M solution of hydrochloric acid Mdieth;^ ether (80 
mL). The volatiles were removed und^ reduced pressure, and the resulting solid wm 

30 recrystallized from acetonitrile. The crystals were dissolved m water (20 mL), and 
sohrtion was adjusted to pH 14 with&e^iaddition of 50% aqueous soditmi hydroxide ? 
provide a solid that was isolated by filtration. The solid was stirred wtih 1 M aqiJioc i h 
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potassium hydroxide for one hour, isolated by filtration, dried for three days under reduced 
pressure at 70 ""C to provide 0.828 g of 2-ethoxymethyl-6,7-dimethyl-l-{2-[(3- 
phenylprop-2-ynyl)oxy]ethyl}-lF-innda2o[4,5-c]pyridin-4-am^ as a white powder, mp 
129-130 ^C. 

5 NMR (300 MHz, DMSO) 5 734-7.39 (m, 5H), 5.80 (s, 2H), 4.69 (s, 2H), 4.58 (t, J- ' 
5.6 Hz, 2H), 4.37(8, 2H), 3.89 (t, 5.6 Hz, 2H), 3.51 (q, J= 6.9 Hz, 2H), 2.39 (s, 3H), 
2.32 (s, 3H), 1.13 (t, J= 7.2, 3H); 
MS (APCI) m/z 379 (M + H)*; 

Anal. Calcd for C22H2<iN4O2*0.1H2O: C, 69.49; H, 6.94; N, 14.73; Found: C, 69.25; H, 
10 7.00; N, 14.65. 



ethoxymelhyl-6,7-dimethyl-l-{2-[(3-phen)iprop-2-ynyl)oxy] 

c]pyridin-4-amine (1.17 g, 3.09 nmol), prepared as desaibed in Exan35)lel^^ The 

reaction was complete after 18 hours. The crude product, isolated as an oil, was dissolved 

20 with diefliyl ether (20 mL) and treated with a 1 M solution of hydrochloric acid in diethyl 
ether. The resulting salt was isolated by filtration, dried under reduced pressure, and 
recrystallized fiom ethyl acetate. The crystals, obtained in two crops, were dried for three 
hours under high vacuum at 60 to provide 0.777 g of 2-ethoxymethyl-6,7-dimethyl-l- 
[2-(3-phen]^ropoxy)ethyl]-lH-imidazo[4,S-c]pytidin^ hydrochloride as a white 

25 powder, DD^) 128-130 



Example 123 

2-Ethoxymethyl-6,7-Kiimelhyl-l-[2-(3-phenylpropoxy)ethyl]-liy-M 
c]pyridin-4-amiQe hydrochloride 



15 




The general method described in Example 1 12 was used to hydrogeoEiate 2- 
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NMR (300 MHz, DMSO) 5 13.85 (s, 1 H), 8.13 (s, 2 H), 7.10-7.24 (m, 3 H), 6.93-6.97 
(m, 2 H). 4.79 (s, 2 H), 4.67 (t, J= 5.0 Hz, 2 H), 3.73 (t, J= 5.3 Hz, 2 H), 3.55 (q, J= 7.1 
Hz, 2 H), 3.27 (t, J= 5.9 Hz, 2 H), 2.45 (s, 6H), 2.38 (t, J= 7.8 Hz, 2 H), 1.65 (p, J= 7.5, 
6.2 Hz, 2 H), 1.15 (t, J= 6.9, 3 H); 
5 MS (APCl) 383 0^ +H)*; 

AnaL Calcd for C22H3oN402»lHa: C, 63.07; H, 7.46; N, 1337; Found: C, 63.01; H, 7.48; 
N, 13.29. 

Exsaaple 124 

10 l-{2-[2-(4-Ammo-2-^yl-6,7'^e1hyl-lH-injidazo[^^^ 

yl)elhoxyl^yl}pyriolindk-2-oae 




PartA 

2-[2-(8-Ethyl-5,6-dimelhyl-7fr-mudazo[4,5-c]tetrazolo 
15 yl)ethoxy]etliylamine (2.0 g, 6.6 mmol), obtained as described in Parts A fhrou^ I of 
Example 102 was treated as described in Part J of Example 102 with 4-chlorobutytyl 
chloride (0.78 mL, 6.9 mmol) in lieu of methanesulfonyl chloride. The crude product was 
purified by column chromatography on silica gel (125 mL, eluting with 90:10 
dicMoromethanemethanol) to provide 2.30 g of 4-chloro-iV-{2-[2-(8-€th>4-5,6-dimethyl- 
20 7fl^iimdazo[4,5-c]tetrazolo[l,5-a]pyridin-7-yl)ethoxy3ethyi}butaiiamide as a white solid, 

mp 149-151 "C. 
PartB 

Under a nitrogen atmosphi^ a mixture of sodium hydride (0.24 g, 6.1 mmol), 
60% in mineral oil, and anhydrous DMF (10 mL) was cooled to ~0 °C. A solution of 4- 
25 cMoro-i\r-{2-[2-(8-eliiyi-5,6-dimethyl-7H-nmdazo[4,5-c]telra2olo[l,5-a)pyri 

yi)ethoxy]ethyl}butanamide (2.25 g, 5.52 nraiol) in DMF (35 niL) was slowly added to the 
mixture, and the reaction was stirred for one. hour. The volatiles were then removed under 
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reduced pressure, and the residue was partitioned between water (100 mL) and 
dichloiomethane (100 mL). The aqueous layer was extracted with dichloromethane (2 x 
100 mL), and the combined organic solutions were dried, filtered, and concentrated under 
reduced pressure to provide 1.94 g of a light orange solid The solid was combined with 
5 crude product firom a previous run (1 .45 g) and purified by column chromatography on 
silica gel (150 ml^ eluting with 95:5 dichloromethaneimethanol) to provide 2.96 g of 1- 
{2-[2-(8-elhyi-5,6-dimethyl-7ir-inudazo[4,5-c]t^^ 
yl)ethoxy]efhyl}pytrolidin-2-one as a white solid, mp 141-143 
Parte 

10 l.{2-[2K8-Ethyl-5,6-dimethyl-7H-imidazo[4,5-c]teb^ 

yl)ethoxy]ethyl}pyn:olidin-2-one (2.86 g, 7.70 mmol) was treated using a modification of 
the general method described m Part D of Example 109. l^Dichlorobenzene was used as 
the solvent, and the reaction was heated at 130 **C for two days. The crude product was 
purified by column chromatography on silica gel (1 50 mL^ eluting with 80:20 

1 5 dichloromethaneimethanol) to provide 2.03 g of a Ught brown oil, which solidified 

overnight The solid was recrystallized &om acetonitrile (4.9 mL/g) twice and dried for 
two days in a vacuum oven at 50 °C to provide 0.97 g of l-{2-[2-(4-amino-2-ethyl-6,7- 
dimethyl-li^iirddazo[4,5-c]pyridin-l-yl)ethoxy]ethyl}pyrrolin^ as a white sohd, 
mp 128-130 °C ^HNMR(300 MHz, CDC13) 8 4.84 (s, 2H), 4.42 (t,/= 5.5 Hz, 2H), 

20 3.71 (t, J= 5.5, 2H), 3.50-3.44 (m, 2H), 3.40-3.34 (m, 2H), 3.14-3.08 (m, 2H), 2.87 (q, J= 
7.5, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.32-2.22 (m, 2H), 1.91-1.79 (m, 2H), 1.40 (t, J- 7.5, 
3H); 

MS (APCl) m/z 346 (M+H)""; 

Anal. Calcd for C18H27N5O2: C, 62.59; H, 7.88; N, 20.27. Found: C, 62.58; H, 8.16; N, 
25 20.51. 

Example 125 

JV^{2-[2-(4-Amino-6-cUoro-7-methyl-2-propyl-lH-irmdazo[^^ 

yl)e1hoxy]ethyl}benzamide 
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Under a nitrogea atmosphere, triefhylamine (3.0 wL, 12 mmol) was added to a 
mixture of l-[2-(2-ammoetJioxy)etliyl]-^Uoit>-7-mefliyl-2-i»i^ 
c]pyridin-4-amme bistrifluoroacetate (0.95 g, 1.76 mmol), tiie salt made fcoii^ Part G of 
Example 121, in tetrahydrofuran (20 mL). Benzoyl chloride (0.3 mL) was added dropwise 
to the resulting solution, and the reaction was stirred at room temperature. A solution of 
2% aqueous sodium carbonate (40 mL) was added, and the resulting mixture was stirred 
for 20 minutes and then «dracted with dietiiyl ether (120 mL). A white solid precipitated 
from the diethyl ether and was isolated by filtiiation and washed with water (5 mL) and 
diettiyl ^er (30 mL). The solid was lecrystallized fipom 2-propanol, isolated by filtration, 
and dried for 4.5 hours imder high vacuum at 40 °C to provide 265 mg ofN-{2-[2-(4- 
amiiio-6Hshl(HX>7-methyl-2-piopyl-lif-injidazo[4,5-<:]pyri 
yi)ethoxy]e&yl}beDzamide as a white solid, mp 188.0-189.0 **C. 

NMR (300 MEiz, GDOs) 8 7.63 - 7.59 (m, 2H), 7.53-7.41 (m, 3H), 6.15 (hr s, IH), 
5.01 (br s. 2H), 4.45 (t, 5.5, 2H), 3.76 (t, /= 5.5, 2H), 3 J9-3.53 (m. 4H), 2.83-2.78 (m, 
2H), 2.55 (s, 3H), 1.91-1.79 (m, 2H), 1.03 (t, J= 7.3, 3H); 
MS (APCI) tn/z 416 (M + Bf; 

HRMS (ESI) calcd for C2iH26N502a + H 416.1853, found 416.1856; 

Anal, calcd for C2iH26N502a: C, 60.64; H, 6.34; N, 16.84. Found: C, 60.61; H, 6.34; N, 

16.74. 

Compounds of the invaition have beea found to induce cytokine biosynthesis 
when tested using the method described below. 

CYTOKINE INDUCTION IN HUMAN CELLS 
An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon-a and tumor necroas fector-a (IFN-a and TNF- 
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a, respectively) secreted into culture media as described by Testerman et. al. In "Cytokine 
Induction by the Immunomodulators Imiquimod and S-27609", Journal of Leukocyte 
Biology, 58, 365-372 (September, 1995), 

5 Blood Cell Prqparation for Culture 

Whole blood from healthy human donors is collected by venipuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole 
blood by density gradient centrifiigation using Histopaque®-1077. Blood is diluted 1:1 
vnlih Dulbecco's Phosphate Buffered Saline pPBS) or Hank's Balanced Salts Solution 

10 (BBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and 

resuspended at 4 x 1 0^ cells/mL in RPMI conq^lete. The PBMC suspension is added to 48 
well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickmson 
Labware, Lincofai Padc, NJ) containing an equal volume of RPMI complete media 
containing test compound. 

15 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide QDMSO). TheDMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells. The compounds are generally tested at concentrations ranging from 30-0.014 fiM. 

20 

Incubation 

The solution of test compound is added at 60 [iM to the first well containing RPM 
complete and serial 3 fold dilutions are made in tiie wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
25 desired range (30-0.014 pNQ. The final concentration of PBMC suspension is 2 x 10^ 
cells/mL. The plates are covered with sterile plastic Uds, mixed gentiy and t^ 
for 18 to 24 hours at 37X in a 5% cart>on dioxide atmosphere. 

Separation 

30 Following incubation tiie plates are centiifiiged for 10 minutes at 1000 ipm (-200 

X g) at 4**C. The cell-fi:ee culture supernatant is removed with a sterile polypropylene pipet 
and transferred to sterile polypropylene tubes. Samples are maintained at -30°C to -70°C 
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until analysis. The ssmples are analyzed for IFN-a by ELISA and for TNF-a by ELISA or 
IGEN Assay. 

IFN-o and TFN-a Analysis by ELISA • 

5 IFN-Ki concentration is detennined by EOSA using a Human Multi^^ 

ftom PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in pg/taL. 

TNF-a concentration is detennined using ELISA kits available fiom Biosource 
International, Camarillo, CA. Alternately, the TNF-a concentration ^ri be determined by 
Origen® M-Saies Immunoassay and read on an IGEN M-8 analyzer fiom IGEN 

10 International, Gaithersburg,MD. The immunoassay uses a human Tl^-a capture and 
detection antibody pair ftom Biosource International, Camarillo, CA. Results are - 
expressed in pgAnL. ; • 

The conq)lete disclosures of tiie patents, patent documents, jnd pubUcations cited 
15 heieinaieincorporatedbyreferBnceinflieirentiretyasifeachwereindividuaUy 
incorporated. The present invention has been described with referdice to several 
embodiments thereof The foregoing detailed description and exaniples have been 
provided for clarity of understanding only, and no unnecessary Ihnitations are to be 
understood tiiereftom. K will be apparent to flxose skilled in flie art tiiat many changes can 
20 be made to the described embodiments witiiout departing from tiie sphit and scope of tiie 
invention. Thus, tiie scope of tiie mvention should not be limited to tiw exact details of flie 
compositions and structures described herein, but ratiier by tiie language of flie claims fliat 
Mow. 



25 



30 
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WHAT IS CLAIMED IS: 

1. A compound oflheFonnula (la): 




X is -CH(El5>, -CH(R5)-alkyleae-, -C[I(R5)-a]keayl^e-, 
or CH(R5)-al]qrlen©-Y-alkylene-; 
Yis-0-,or-S(0)o.2-; 

-W-Ri is sdected fiom -ORi-i^ aiui-S(0)o^Ri4; 
Ri.M is selected fccm 

-R<rC(R7>-Z^EU— alk^; 

rR«-<XR7)-Z-R8— alkieiijdl; 

-R(rC(R7>-Z^-ai^ 

-Rfi-(>(R7)-Z-*8— heteroaiyt 

-R«-C(R7)-Z-R«— hetetocycljd; 

-R<rC(R7)-Z-H; 

-R<!-N(R9)-C(R7)-R«-alkyl; 

-Rfi-N^)-C(R7>-R8-a]keQyl; 

-R6-N(R9)-C(R7)-R8-aiyl; 

-R6-N{R9>-C(R7)-R»-heteroaryl; 

-R6-N(R5H:(R7)-R8-ieterocyclyl; 

-R<rN(R9)-C(R7)-Rio; 
-R6--N(R9)-S02-R8-alkyl; 
-R6— N(R9)— SO2— Rg-alkmyl; 
-Rr-N(R9)-S0r-R»-atyl; 
-R«-N^>-SQr-R«-hetaoaiyU 
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-Rfi-N(R9)-S02-Rs-iete8COcyclyl; 
-R«-N(R9)-S02-Rio; 
-R6-N(R9)-S02-N(R5)-R8-alkyl; 
-R«-K(R9)-S02-NCR5)-R«-a]lan.yl; 
5 -IU-N(R9)-S02-N(R«)-R»-aryl; 

-R«-N(El9)-S02-N(R5>R«-lifiteroaiyl; 
-R«-N(I^)-S(VN(R5>Rrh^erocycl^; 

-Rff-N(R9>S02-NH2; 
-Re^(R9)-C(R7)-N(R5)-Q-Rjra]k^; 
10 -R<HN(R9)-C(R7)— NCElsHH^r-alliKiiyl; 

-R<!-N(R9)-C(R7)-N(R5)-Q-R»-aryi; 
-Rtf-NOEl*)- CCR?)— N(El5)-Q-RHieften)aiyl; 
-R<-N(R9)- CCR?)— NCRsHhRs-ieterocyclyl; 
-R«-N(R9)-C(R7)-N(R5)2; 



15 



-R<pN(Rs)-C(R7)-N A; 



-R«-N(R9)-C(R7)-N(Ru>-Q-R8-alk3^ 
-Rfi-N^H:(R7)— N(RiiHJ— R)r«lkenj4; 

-R<rN(R9>-C(R7)-N(RllH^-R^ral7^ 
-R(rN(R5)-C(R7)— N(Rii)-<5— R«-*eteroaryl; 
20 -Rff-N(R9)-C(R7)— N(Rn)-^IU-*ete»cyclyl; 
-R<r-N(R9>- C(R7)-N(Ru)H; 

-aryl; 
-R<raiyl; 
25 -heteroaiyl; 

-heterocyclyl; . 
-Rfi- hetetbaryl; and 



-Rg-Jieterocyclyl; 



4 



Z is-N(Rs)-, -0-, or -S-; 
30 Qisaband,-CC)-^,or-SOr-; 



V 

i k 
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A represents the atoms necessary to provide a 5- or 6-member€(i heterocyclic or 
heteioaromatic ring that contains up to three heteroatoms; 
Ri^ is selected from: 

-alkyl; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-alkeayl; 
-Rfi-aryl; 

-Rr- heteroaryl; and 

-R6-4ieterocyclyl; 
each Rs is indq>endently hydrogen^ Cmo all<3^> or C240 alkeny^ 
R6 is alkylene, alkenylene^ or alkynylene, which may be interrupted by one or 
more -O groups; 

RyisOor^S; 

R« is a bond, alkjdene, alkenylene^ or alkynjlene, which may be interrupted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can jom together with any carbon 
atom of Ra to form a ring of the formula 



Rio is hydrogen or Cmo alkyl; or R9 and Rio can join together to form a ring 
selected from 




(CH2)3^ 




Rn is Ci.io alkyl; or R9 and Rn can join together to form a ring having llie 



structure 



— N-C(R7) 
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Rj2 is C2-7 afliylene which is straight chain or branched, v^eidn tixe bnmicbing 
does not preveat formation of the ring^ and 

R% Ry and Bz are indepeodently selected &om hydrogen and non-int^eiing 
substitutaits; 

S or a pharmaceuticaUy acceptable salt thereof whraein the compound or salt of Fonnui a lb 
induces the biosyntiiesis of one or more cytokmes. 

2. A compound ofthe Formula (lb): 




X — w— R, 



Ob) 



IS wherdn: 

X is -CHCRs)-, -CH(Ra)-alkyleQe-, -CH(R5)-alkeayleae-, or 



CH(I(5>a]kylcae-Y-alkylene-; 

-W-Ri is selected fi»m -O-Rj-w and-S(0)(w-Rw; 
Ri.M is selected from 



20 -R«HC(R7)-Z^-a]kyi; 



-Rfi-C(R7)-2^R«--alkenyl; 

-Rfi-C^7)-^R«— ai)*; 
-Rfi-C(R7)-Z-R8— heteroaryl; 
-Rtf-C(R7)-Z-Rg— heterocycl^ 




-R<rN(R9) -C(R7)-R«-alk5i; 
-R<rN(R9) -C(R7)-R8-alkeayl; 
-R6-N(R9)-C(R7)-Rs-aryl; 
-Rff-N(R9)-C(R7)-IMieteroaryl; 



30 -R6-N(R9)-C(R7)-RHieterocyclyl; 
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-R6-N(R9)-C(R7)-Rio; 
-R<j— N(R9)— S02-R«-alkyl; 
-R<r- N(R9)— S02-R8-ali;enyl; 
-R<!-N(R9)-S02-R8-aiyl; 
-Rfi-N(R9)-SOr*«-lieteroaryl; 
-Rff-N(R9)-^S(VRirlieterocyclyl; 

-R6-N(R9)-S02-Rio; 

-R<rN(R9>S02-N(R5>-IW-alkyl; 

-R«-N(R9)-SQ2-N(R5)-R«-alkea)^ 

-R<-N(R9)-S02-N(R5>R«-aiy^ 

-R«-N(R9>-S02-N(R5)-R8-]ietecoaiyl; 

-R6-N(R9)-SOrN(R5>R8-heterocycl^ 

-R<rN(R9)-SOrNH2; 

-R<HSr(R9H3(R7)-N(R5>-<^«g-«lk^^ 

-RH^CR«>-C(R7)-N(R5H^-Rs--alkenyI; 

-R<r-N(R9)-C(R7)-N(R5)-Q-R8-aiyl; 

-R«-N(R9)- C(R7)— N(R.5)-Q-R«-^eteroaryl; 

-Rfi-N(R9)- C(R7)— N(R5)-Q-R«-4ieterocyclyl; 

-R6-N(R9)-C(R7)-N(R5)2; 

r\ 

-VN(R9)-C(R7)-N A; 

-R€-N(R9)-C(R7)-N(Rii)-Q--R«-alkyl; 

-Re-N(R9)-C(R7)-N(Rii>-Q— Rg-alkenyl; 

-Rfi-N(R9>^(R7)-N(Rn)-Q-R8-aryl; 

-R«-N(R9>- QR?)— NCRuHJ— Rs-heteroatj^ 

-Rfi-NCRg)- C(R7)— N(Rii)-Q-RHlieteK)cyclyl; 

-R«-N(R9)- C(R7)-NCR.u)H; 

-alkenyl; 

-aryl; 

-R^aryl; 

-heteroaryl; 

-heterocyclyl; 
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-Re- heteroaryl; and 
-lU-heterocyclyl; 
Ri^ is selected from: 
-alkyl; 

5 -aiyl; 

-heteroaryU 
-heterocyclyl; 
-alkenyl; 
-R(5-aryi; 

' 0 -Rfi- heteroaryl; and 

-R^eteiocyclyl; 
R2 is selected fiom fhe group consisting of: 
-hydrogen; 



-alkyl; ; ' ^ 

.5 -alkenyl; 

-aryl; ^ " 

-heteroaryl; 

-heterocyclyi; 

-alkylene-Y-alkyl; 

10 -alkylene-Y-alkenyl; . \ f 

-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected &om the 
groiq) consistiiig of: 
-OH; 

25 -halogen; 

-N(R5)2; 

-<XO>Cmo alkyl; 
-C(0>0-Cmo alkyl; 
,-N3; 

30 -aryl; 

-heteroaryl; 
-heterocyclyi; 
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-C(0>aryl; and 
-C(0)-heteroaryl; 
Yis-0-or-S(0)o-2-; 
Z is-NOElsH -O-:. or -S-; 
5 Qisabond,-C(OHor-SOr-; 

A lepresents the atoms necessary to provide a S- or 6-menibered hetetocyclic or 
heteroaromatic ring lhat contains \xp to three heteroatoms; 

R3 and R4 are indq>endently selected fix>m tibie group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Ci-10 aDcyKhio, amino, alkylamino, 
10 dialkylamino, halogen, and nitro; 

each R5 is indq>eiidenfly hydrogen, Cuio aHqd, or C2.10 alkenyl; 
R6 is allgdme, alkenylene, or alkynylene, which may be interrupted by one or 
more groups; 

R7is=Oor=S; 

15 Rs is a bond, alkylene, alkenylme, or alkynylene, which may be ioternqpted by one 

ormore-0-groiq)s; 

is hydrogen, Ci-io alkyl, or arylalkyl; or R9 can join togeth^ with any carbon 
atom of to form a ring of the formula 




20 Rio is hydrogen or Cmo alkyU or R9 and Rio can join together to form a ring 

selected from 



Ru is Cmo alkyl; or R^ and Rn can join together to form a ring having the 
stmcture 

— N-C(R7) 

( y- 

25 ^^"2^^' ;and 

R12 is C2.7 aH^lene which is straight chain or branched, wherdn the branching 
does not prevent fistmation of the rin^ 
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or a phannaceutically acceptable salt thereof. 
3. A compound of the Formula (I-l): 

X-0—Rx.i 
(I-l) 

wherein: 

Xis -CHCRsK -C3I(R5)-alkyleQ&-, -CH(R5)-alkeD.ylene-, 
CHCR5)-alk^eiie-Y-al]£ylene-; 

Ri.i is selected &om flie groiq) conidstiiig o£ 

-Re-C(R7)-Z-Rs— alkyl; 

-R<r-C(R7>-Z-R«— aDcenyl; 

-R<!-€(R7)-Z-Rr- aryi; 

-Rfi-C(R7)-Zr-R«— heteroaryU 

-R<H^(R7)-Z-R8— heterocyclyl; 

-R<rC(R7)-Z-H; 

-Rfi-NCRg) -C(R7)-R8-alkyl; 

-R<r-N(R9) -C(R7)-Rs-alkeayl; 

-R<r-N(R9)-C(R7)-R«-aiyl; 

-R<rN(R9)-C(R7)-R8-heteroaryl; 

-R6-N(R9)-C(R7)-R8-ieterocyclyl; and 

-R<!-N(R9)-C(R7>-Rio; 
Z is -^(Rsh, -0-, or -S-; 
R2 is selected fiom the gronp consisting ot 

-hydrogen; 

-allEyl; 

-alkenyi; 

-aryU 
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-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-alkylene-Y- alkeayl; 
5 -aDcylcae-Y-aiyl; and 

- alkyl or alkeayl substituted by one or more substitoents selected fiom tbe 
groi^ consisting of. 

-OH; 
-halogen; 

10 -N(R5)2; 

•C(0)-Ci.io alkyl; 

-C(0)-0-CMoalk5d; 

-Ns; 

-aryl; 

15 -heteroaryl; 

-heterocyclyl; 
-C(0)-aryl; and 
-C(0>heteroaryl; 
Yis^or-^(OV2S 

20 R3 and R4 are independently selected from the group consisting of hydrogea, Cmo 

alkyl, C2-10 alkenyU C2-10 alkynyl, Cmo alkoxy, Ci-10 aftylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each Rs is independently hydrogen, Ci.io alkyl, or C2.10 alkenyU 
R6 is alkylene, alkenylene, or alkynylene, which may be intOTopted by one or 
25 more -O- groups; 

R7is«Oor==S; 

Rg is a bond, alkylene, alkenylene, or alkynylene which may be mterrupted by one 
or more -O- groups; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or can join together with any carbon 
30 atom of to form a ting of the fommla 
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5^ 

9 

Rio is hydrogen or Cwo alkyl; or R9 and Rio can join together to form a ring 
selected team 

5 R12 is C2.7 alkylene which is straight chain or branched, wherein thp branchijog 

does not prevent formation of the ring; 

or a phazmaceutically acceptable salt th^eof. - 

r 

10 4. AcompoimdorsaltofclaimS wh€reinR3andR4areindq)ende^ 

alkyl, halogen, or mtro. .1; 

5. A compoi^id or salt of claim 3 wherein R3 and R4 are both methyl 

• f 

15 6. A compound or salt of claim 3 wherein X is -CH(R5>-Ci.5 alkylcaae-. 

7. A compoimd or salt of claim 3 wherein R7 is =0 and Ss is a bond 

8. A compound or salt ofclaim 3 wherein is hydrogen. 

20 

9. A compound or salt of claim 3 wherein R2 is aOcyl. 

10. A compound or salt of claim 3 i?Aeran R2 is -alkylene-O-alkj^. 
25 11. A compound or salt of clahn 3 wherein R9 is Cmo alkyl. 



12. A compound or salt of claim 3 wherein Rm is -R^N(R9)-C(R7)-I^— sBcy 
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13. A compound or salt of claim 3 wherein Rm is -Rfi-N(R9>C(R7)-R8— aryl or -Re- 
N(R9)-C(R7)-R«— heteioaryL 

14. A compomd or salt of claim 3 wheran Rn is -Rfi— NCRs)— CCR?)— Rio. and R® 
S and Rio join to form the ring. 

15. A compoimd of the Formula (1-2): 




MH 



'4 



10 



a-2) 



wherein: 



15 



X is -OHCRs)-, -CH0R5)-alkylene-, -CH(R5)-alkenylene-, or 



CB[(R5)-alkyiene-Y-allqdene-; 



20 



25 



Ri.2 is selected fioom the gxnap consisting of. 
-R«-NCR9)-S02-R«-alkyl; 
-R<r-N(R9)-S02-R«-a]kenyl; 

-Re-N(R9)-SQ2-R«-«yl; 

-R«-N(R9)-SQHMwten)aryl; 

-R«-N(R*>-SC)2-*8-hetetocyclyi; 

-R<r-N(R9)-S0r-Rio; 

-R<-N(R9)-S02-N(R5)-R«-a]kyl; 

-R<i-N(Rs)-SQrN(R5)-R8-a]kenyl; 

-R6-N(R9)-S02-N(R5)-R8-aryU 

-R6-N(R9)-S02-N(R5>R8-heteroaryi; 

-R6-N(R9)-SO2-N0l5>R8-heterocyclyl; and 

-R6-N(R9)-S02-1SIH2; 



30 



R2 is selected from the group consisting of: 
-hydrogen; 
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-alkyl; 

-alkeayl; 

-aryU 

-heteroaiyl; 
-heterocyclyl; 
-alkyiene-Y-alkyl; 
-alk^ene-Y- aQcenyl; 
-alkyleae-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substitaents selected firom tb^: 
group consisting of: 
-OH; 
-halogeru 
-N(R5)2; 

-C(0>Ci-io alkyl; 
-C(0)-0-Cmo alkyl; 
-N3; . 
-aryl; 

-heteioaryl; 
-heterocyclyl; 
.C(0)-aryl; and 
-C(0)-heten)aryl; 
Yis.O-or-S(0)o-2-; 

R3 and R4 are independ^tly selected ftom the grotq) consisting of hydcog^ ti, C . > : 
alkyl, C2-10 alkenyl, Ci-to alkynyl, Cmo alkoxy, Ci-io alkylthio, amino, alkjdamino, 
dialkjdannno, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2.10 alkmyl; 

R6 is alkylene, alkenylene, or alkynylme, which may be intemq)ted by one 01 
more -O- groups; 

Rs is a bond, alkylene, alkenylene, or alkynylene which may be interrupted by ai\ 
or more -0- groups; 

R9 is hydrogen, Ci-io alkyl, or arylalkyl; or R9 can jom togeflier with any rbr. 
atom of R6 to form a ring of the formula 
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(CH2)3^ 



Rio is hydrogen or Ci-io alkyl; or and Rio can join together to form a ring 
selected fiom 



Ri2 is C2-7 alkjdene which is straight chain or branched, wherein the branching 
does not prevent formation of the ring; 
or a pharmaceutically accq>table salt thereof 

16« A compound or salt of claim 15 wherein R3 and R4 are independently hydrogen^ 
alkyl, halogen, ornitro. 

17- A compound or salt of claim 1 5 wherein R3 and R4 are both methyl. 

18. A compound or salt of claim 15 wherein X is -CH(R5)-Ci.5 alkylene-, 

19. A compound or salt of claim 15 wherein R2 is hydrogen. 

20. A compound or salt of claim 15 wherem R2 is alkyl. 

21 . A compound or salt of claim 15 wherdn R2 is -aIkylen©-0-alkyl. 

22. A compouikL or salt of claim 1 5 wherein R^ is meOr^. 

23. A conq)ound or salt of claim 15 wherem R1-2 is -R<i— N(R9)— SO2— Rs— alkyL 

24. A compound or salt of claim 15 wherein R1-2 is -R6-"N(R9)— SOi—Rs—aryl or 
-R6— N(R9)— SOz—Rs— heteroaryl. 

25. A compound or salt of claim 15 wherein R1-2 is-R6-~N(R9)— SO2— Rio- 




N— SO2 



; and 
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26. Acompoundorsaltof claim25\»hetemR9andRiojomto formtheimg. 

27. A coiiq)ound of the Foimula (1-3): 



X is -CH(R5K -CH(R5)-alkyleiie-, -CH(R5)-alkeQyleQe-, or 

CH(R5)-all!ylene-Y-alkylen6-; 

Ri.3 is selected from the group consisting of: 



-R<HSr(R9)-C(R7)-N(R5)-Q-R8-a]kyl; 
-R<rN(R9>- C(R7)-N(R5)-Q-R8-alkenyI; 
-R<rN(R9>- C(R7)-N(R5)-Q-R«-aiyl; 
-Rr-N(R9>- C(R7)-N(R5)-Q-IMieteroaryl; 
-R<rN(R9)- C(R7)-N(R5)-Q-Rir4ieterocyclyl; 
-R6-N(R9)- C(R7)-N(R5)2; 

-R^N(R9)-C(R7)-N A; 



-R<rN(R9)- C(R7)-N(Rn)-Q-R8-alkyU 
^Re-NCRs)- C(R7)-N(Rii)-Q-R8-alkenyl; 
-R<rN(R9)- C(R7)-N(Rn)-Q-Rs-aryl; 
-R<rN(R9)- C(R7)-N(Rn)-Q-R8-heteroaryl; 
-R<rN(R9)- C(R7)-N(Ru)-Q-R8-lieterocycIyl; and 
-R<rN(R9)- C(R7)-N(Rii)H; 
is selected from the gcaap consistiog of: 
-hydioget^ 
-aflgrl; 
-alksnyl; 




a-3) 
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-aryl; 

-heteroaryl; 
-hetarocyclyl; 
-alkylene-Y-alkyl; 
5 -alkylene-Y- alkenyl; 

-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected fix>m the 
group consisting of: 
-OH; 

10 -halogen; 

-N(R5)2; 

-C(0)-CMoaIkyl; 
-C(0)-0-Cmo alkyl; 
-N3; 

15 -aryl; 

-heteroaryl; 

-heterocyclyl; 

-C(0)-aryl; and 

-C(0)-heteroaryl; 
20 Yis-<^or-S(0)o.2-; 

Q is a bond, -C(0)-, or -SQr-; and 

A represents the atoms necessary to provide a 5- or 6- membered heterocyclic or 
heteroaromatic ring that contains up to three heteroatoms; 

R3 and R4 are independently selected fix>m the group consisting of hydrogen, Cmo 
25 alkyl, Cz-io alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each Rs is independently hydrogen, Cmo alkyl, or C2.10 alkenyl; 

is alkylene, alkenylene, or alkynylene, which may be intetrupted by one or 
more-0-groiq)s; 
30 eachR7is=Oor=S; 

R« is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 
or more -O- groups; 
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is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of the formula 

-O- 

;and 

Rn is C1.10 atkyU or R9 and Rn can join together to fona a ring having the 
S stnictuie 

— N-C(R,) 

( y- 

9 

or a phamiaceutically accq>table salt thereof! 

28. A conqwund or salt of claim 27 wherein R3 and R4 are independently hydrogen, 
10 alkyl, halogen, or nitro. 

29. A compoimd or salt of claim 27 wherem R3 and R4 are methyl 

30. A compoimd or salt of claim 27 wherem X is -CH(R5)-Ci-5 alkylene-. 

15 

31. A compound or salt of claun 27 wherein R2 is hydrogen. 

32. A compound or salt of claim 27 wherem R2 is alkyl. 

20 33. A compound or salt of claim 27 wherem R2 is -alkylene-O-alkyL 

34. A compound or salt of claim 27 wherein R1.3 is 

-R^.N(R9)-C(R,>N A; 

25 35. A compound or salt of claim 27 wherein Rua is -B^li(R9}<^(J^i)'-^^ 
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36. A compound or salt of claim 27 wherein R1.3 is "R6--N(R9H:(R7)— NCRsH^-^ 
aryl or 

-R6-N(R<>)-C(U7)~N(R5)-Q-R^ 
5 37. A compound or salt of claim 27 wherein Q is a hond. 

38. A compound or salt of claim 27 wherein R5 is alkyl. 

39. A compound or salt of claim 27 wherein R7 is K). 



10 



40. A compound of Ihe Formula (1-4): 




NH2 



15 



a-4) 



wherein: 



X is -CH(R5H -CH(R5>allcyleae-, -C3a(R5>a]kenyleii&-, or 
20 CH(R5)-alkylene-Y-alkyIene-; 

Rm is selected from the groiq> consisting of: 

-alkeayl; 

-aryl; and 

-Re-aryl; 

25 R2 is selected fiom the group consisting of: 



-hydrogen; 
-alkyl; 
-alkenyl; 
-aryl; 



30 -heteroaryl; 
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-heterocyclyl; \- 
-aDqdene-Y-alkyl; ^ , 

-alkylene-Y- aDcenyl; 
-alkylene-Y-aiyl; and 



5 - all^l or alkenyl substituted by one or more substituen^j selected from the 

groi^ consisting of. : -v \^ 
-OH; i 
-halogen; 

10 -C(0)-Ci.ioaIkyl; I J 

-C(0)-0-Cuo alky^ t 

-aryl; 1 



-heteroaryl; 



^^1 



15 -heterocyclyl; ^ ^ 

-C(0)-aryl; and % ' 

-C(0)-heteroaryl; if^i; 
Yis-0-or-S(0)(ws if 
R3 and R4 are independently selected fiom the group consisting of hydrogen, Cmo 
20 alkyl, Cmo aUcenyi, Cwo alkynyl, Cuo alkoxy, Cwo alkylthio, amiiio\alkylanuno, 



- i : 



diall^lamino, halogen, and nitro; 

each R5 is independently hydrogen, CiJio alkyl, or C2-10 alkenyt and 

R6 is alkylene, alkenylene, or alkynylene, which may be intertupted by one or 

more -O- groups; 

25 or a phannaceaticaUy acceptable salt thereof; ^ 

41. A compound or salt of claim 40 wherein R3 and R4 are indep^denfly hydrogen, 
alkyl, halogen, or nitro. i | 

i- * 

\ I 

30 42. A compound or salt of claim 40 wherem R3 and R4 are bothpdethyL 

• ' Ik- 

43. A compound or salt of claim 40 whereiri R2 is hydrogen, 
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44. A compound or salt of claim 40 wherein R2 is alkyl. 

45. A compound or salt of claim 40 wherein R2 is -alkylene-O-alkyl. 

5 

46. A compound or salt of claim 40 wherein Rm is -aiyl or -R6-aryL 

47. A compoimd or salt of claim 46 wherdn aiyl is phenyl or substitated phenyl 
10 48. A compound or salt ofclaim 40 wherein R6 is all^ylene. 

49. A compound or salt of claim 40 wherein X is --CBfRsyCus alkylene-. 

50. A conopound or salt of claim 40 wherein R^ is -(CH2)m— . 

15 

51. A compound of the Formula (I-S): 



20 




wherein: 

X is -CH(R5>, -CH(R5>alkylene-, -CH(R5>alkenylene-, or 
25 CH(R5>alkylene-Y-alkylene-; 

Ri.s is selected fiom the group consisting of: 
-heteroaryl; 
-heterocyclyl; 
-R^ heteroaryi; and 
30 -Rfi-heterocyclyl; 

R2 is selected fiom fhe group consisting of: 
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-hydrogen; 
-alkyU 
-alkeayl; 
-aryl; 

-hetearoaryl; 
-heterocyclyl; 
-alkylene-Y-alkyl; 
-aDcylen^ Y- alkenyl; 
-alkylene-Y-aiyl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consistmg of: 
-OH; 
-halogen; 
-N(R^)2; 

-C(0)-Ci.io alkyl; 

« 

-C(0)-0-Ci.io alkyl; 

-N3; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteroaryi; 
Yis-0-or-S(0)o.2S 

R3 and S4 are independently selected &om the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, Cmo alkynyl, Ci-10 alkoxy, Cmo aUq^thio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is indqpendently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

or a pharmaceutically acceptable salt thereof. 
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52. A compound or salt of claim 5 1 wherein R3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

53. A compound or salt of claim SI wherein R3 and R4 are both methyL 

5 

54. A compound or salt of claim 51 wherein is hydrogen. 

55. A confound or salt ofclaim 51 wherein R2 is -alkyl. 

10 56. A compound or salt of claim 5 1 wherein R2 is -alkyleniB-O-alkyl. 

57. A conxpound or salt of claim 51 wherein R1.5 is -heteroaryl or -Re-heteroaryL 

58. A compound or salt of claim 51 wherein Ri^ is -heterocyclyl or -R6-heterocyclyL 

15 

59. A compound or salt of claim 51 wha:dn X is -<IH(R5>Ci-5 alkjdene-. 

60. A compound or salt of claim 51 wherein Re is -(CH2)m— • 
20 61. A compound of the formula (1-6): 




a-6) 

25 

wherein: 

X is -CHCRs)-, -CH(R5)-alkylene-, -CH(R5)-alkenylene-, or 
CH(R5>alkylene-Y-alkylene-; 

Ri^ is selected fix>m the group consisting of: 
30 -alkyl; 
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-aryl; 

-heteioaryU 
-heterocyclyl; 
-alkenyl; 
-R(r-aryl; 
-R^heteroaryl; 
-R^eterocyclyl; 
R2 is selected fix>m flie gcoiq) coiisisting o£ 
-hydiogeo; 
-alkyl; 
-alkeayl; 
-aryl; 

-heteroaryl; 

-heterocyclyl; 

-alkylene-Y-alkyl; 

- alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkeayl substituted by one or more substituents selected fr om 
groijp consisting of: 

-OH; 
-halogen; 

-C(0)-Cwo alkyl; 
-C(0>0-Ci-ioalk3d; 

-N3; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0>aryl; and 
-C(0)-hetQX)aryl; 
Yis-(>-or-S(P)(K2-;| 
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R3 and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo aUQ^l, or C2-10 alkenyl; md 
5 Rfi is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O— atoms; 

or aphaimaceutically acceptable salt thereof 

62. Acompoimdorsaltofclaim61\ii^erBin-S(0)o-2-is-S-. 

10 

63. A compound or salt of claim 61 wherdn -S(0)o-2- is -SO-. 

64. A compoimd or salt of claim 61 wherem -S(0)o-2- is -S(0)2-. 

15 65- A compound or salt of claim 61 wherein R3 and R4 are independently hydrogen, 
alkyl, halogen, or nitro. 

66- A compound or salt of claim 61 wherein R3 and R4 are both methyl. 

20 67. A compound or salt of claim 61 wherein R2 is hydrogen. 

68. A compound or salt of claim 61 wherein R2 is -alkyL 

69. A compound or salt of claim 61 wherem Ra is -alkylene-O-aJkyl. 

25 

70. A compound or salt of claim 61 wherem Ri-6 is alkyL 

71. A compoimd or salt of claim 61 whereinRi^ is aryl. 

30 72. A compound or salt of claim 61 wherem Ri^ is substituted aryl. 



73. 



A compound or salt of claim 61 wherein Ri^ is heteroaryl. 
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74. A phannaceutical con^osition comprising a phannaceutically effective amcmri o !: 
a compound of claim 1 in combination with a phamiaceutically acceptable carrier, 

5 75. A phamiaceutical compositipn comprising a phaimaceutically eflEective amouio: i) ^ 
a compound of claim 2 in combination with a phaimaceutically acceptable carrier- 

76. A phamiaceutical conq)osition comprising a phannaceutically eflfective arnoimi: of 
a compound of claim 3 in combination witti a phamiaceutically acceptable carrier. 

10 

77. A pharmaceutical composition comprising a phannaceutically effective joKOiinl: of 
a compound of claim 15 in combination with a phannaceutically acceptable carrier. 

78. A phannaceutical composition comprising a pharmaceutically effective aniei i. :> 
\5 a compound of claim 27 in combmation with a pharmaceutically acceptable carae^ 

79. A pharmaceutical composition comprising a pharmaceutically effective dsmm^- ? ' 
a compound of claim 40 in combination with a pharmaceutically acceptable cairia 

20 80, A pharmaceutical con^ositipn comprising a phannaceutically effective liMio j v 
a compound of claim 51 m combination with a pharmaceutically acceptable carrier 

81. A pharmaceutical composition comprising a pharmaceutically effective a^:i :.c; uv oi: 
a compound of claim 61 in combination wifli a phannaceutically acceptable carrier. 

25 

82. A method of inducing cytokine biosynthesis in an animal comprismg admiTiisten 
an effective amount of a compound of claim 1 to tiie animal 

83. A method of claim 82 wherein the. cytokme is interferon - a. 

30 

84. A method of inducing cytokine biosynthesis m an animal comprising adtBi v^l; ; . ^ ly 
an effective amount of a compoxmd of claim 2 to tiie animal. 
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85. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amount of a compound of claim 3 to the animal. 

86. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effectiye amount of a compound of claim IS to the animaL 

87. A method of inducing cytokine biosynthesis in an animal conqprisiog administering 
an effective amount of a compound of claim 27 to the animaL 

88. A method of inducing cytokine biosynthesis in an animal comprising administering 
an effective amoimt of a compound of claim 40 to the animal. 

89. A method of inducing cytokme biosynlhesis in an animal comprising administering 
an effective amount of a compound of claim S 1 to the animaL 

90. A method of induciag cytokine biosynthesis in an animal comprisiag administering 
an effective amount of a compound of claim 61 to the animaL 

91. A method of treating a neoplastic disease in an animal conq>rising administering an 
effective amount of a confound of claim 1 to the animal. 

92. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 2 to the animal. 

» 

93 . A mefhod of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim 3 to the animal. 

94. A method of treating a neoplastic disease in an animal comprising administering an 
eflSsctive amount of a compound of claim 15 to the animal. 
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95. A method of treating a neoplastic disease in an animal comprising administOTng an 
effective amount of a compound of claim 27 to the animal. 

96. A method of treating a neoplastic disease in an animal comprismg administering an 
effective amount of a compound of claim 40 to the animal. 

97. A method of treating a neoplastic disease in an animal comprising administering an 
effective amount of a compound of claim SI to the animal. 

98. A method of treating a neoplastic disease m an animal conqmsing administering an 
effective amount of a compound of claim 61 to the animal. 

99. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 1 to the animal. 

100. A method of treating a viral disease in an animal comprising adnEimistering an 
effective amount of a compound of claim 2 to the animal. 

101. A method of treating a viial disease in an animal comprising administering an 
effective amount of a compound of claim 3 to the animal. 

102. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim IS to the animaL 

103. A method of treating a viral disease in an animal comprisiag administering an 
effective amount of a compound of claim 27 to the animal. 

104. A method of treating a viral disease in an animal comprising administering an 
effective amount of a compound of claim 40 to the animal. 

105. A metiiod of treating a viral disease in an animal conq)rising administering an 
effective amount of a compound of claim 51 to the animal. 
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106. A method of treating a virail disease in an animal comprising administering an 
effective amoimt of a compoimd of claim 61 to the animal, 

107. A compomid of the Formula H: 




wherein 

X is -CH(R5)-, -CH(R5)-alkylene-, -C3I(R5)-alkenylene~, or 
10 CH(R5)-alkylene-Y-a]kylene-; 

R2 is selected from the group consisting of: 
-hydrogen; 
-aBcyl; 
-alkenyU 
15 -aryl; 

-heteroaryl; 
-hetetocyclyl; 
-aftylen^-Y-alkyl; 
-allqrlene-Y- alkenyl; 
20 -alkylaie-Y-aryl; and 

_ -aftyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
^OH; 
-halogen; 

25 -N(R5)2; 
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"C(0>Ci.ioalkyl; 

-C(0)-0-CMoalkyl; 

-N3; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0>ar34; and 
-C(0)-heteroaryl; 



Yis-0-or-S(0)o-2-; 

S3 and R4 are independently selected &om the group consisting of hydrogen, Cmo 
alkyl, C2.10 alkmyU C2.10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is indq)endently hydrogen, Cmo alkj^, or C2.10 alkenyl; 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more-O— atoms; and 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form a ring of the formula 




(CH2)„ 



or a phaimaceutically acceptable salt thereof 



108. A conqx)und of the Formula IV: 




S(0)« 



m 
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wherein: 

X is -CHCRs)-, -CH(R5)"alkylene-, -CH(R5)-alkenylene-, or - 
CH(R5>aIkylene-Y-alfcyleiie-; 
S Ri^ is selected fiiom fhe groiq> consisting of: 

-alkyl; 
-aryU 

-heteroaryi; 

-heterocyclyl; 
10 -alkenyl; 

-Rfi-aiyl; 

-R6-beten>aiyl; 

-RHieterocyclyl; 
is selected fix>ni the groiqp coiisistiiig of: 
15 -hydrogen; 

-alkyl; 

-alkenyl; 

-aryl; 

-heteroaryi; 
20 -hetCTocyclyl; 

-alkylene-Y-alkyl; 

- alky ene- Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
25 group consisting of: 

-OH; 

-halogen; 

-N(R5)2; 

-C(0)-Cho alkyl; 
30 -C(0>0-CMoalkyt 

-Na; 
-aryl; 
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-heteroaryl; 

rbeterocycl^; \^ 

-C(0)-aryl; and 

-C(0)-lieteroaryl; 

5 Y is -O- or -S(0)o.2S \ 

R3 and R4 are independently selected fiom the group consisting of hydrogen, Cmo 

^' 

alkyi, C2.10 alkenyl, Cmo alkynyl, Cmo alkoxy, Cmo alkylthio, amino, ancyiammo, 
diallcylamixu), halogen, and nitro; fl^ 
each R5 is independmtly hydrogen, Cuo alkyi, or C2-10 alkenylj^and 
10 R6 is alkyiene, alkenylene, or alkynylene, which may be interrupted by one or 

more -O— atoms; 

or a pharmaceutically acceptable salt thereof. ^| 



109, A compound of the Formula V: 



15 




i 



(V) 



wherein: 



20 Xis-CH(R5)-,-CH(Il5)-alkylene^<H(EU)-alken^^ 

CHCR5>a]]qrlene-Y-a]kylen&-; %f 
Ri^ is selected fiom the group consisting of: ^ 
-alkyi; 

-aryl; • ' 
25 -heteroaryl; i^.- 

-heterocyclyl; 
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-alkenyl; 
"R^aryl; 
-R^-heteroaryl; 
-R^-heterocyclyl; 
S R2 is selected Scorn the group consisting of: 

-hydrogen; 
-aBcyU 
-alkenyl; 
-aijd; 

10 -heteroaiyl; 

-heterocyclyl; 
-alkylene-Y-alkyl; 
- alkylene-Y- alkenyl; 
-alkylene-Y-ar^; and 

IS - aUcyl or alkeayl substituted by one or moie substituents selected from the 

group consisting of: 
-OH; 
-halogen; 
-N(R5)2; 

20 -C(0>CMoalkyl; 

-CXO)-0-Cmo alkyl; 

-N3; 

-aryl; 

-heteroaryl; 
25 -heterocycljd; 

-CCOy-aiyl; and 
-C(0>heteroaryl; 
Yis--0-or"-S(0)a.r; 

R3 and R4 are independently selected from the groiq> consistiag of hydrogen, Ci.io 

30 alkyl,Cb4oan£enyl,C24oaIkynyl,CM^ 
dialkylaioino, halogen, and nitro; 

each R5 is independently hydrogen, Ci-io alkyU or C2-10 alkenyl; and 
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R« is sSkyl&as, alkeayleae, or alkynyleae, wMdi may be intenupted by one or 
more -O— atoms; 

or a pharmaceutically acceptable salt tiiereo£ 
5 110. A coirpouaid selected ftomcompoiindsofForaiulasIJX4,IJX-2, and LIX~3: 




10 

wheiein: 

Ri-i.2,3 is Ri-i in UK-l, R1.2 in LIX-2, and R1.3 in LIX-3; 
X is -CH(R5>, -CH(R5)-alkylene-, -CH(R5>-alkenyleae-, or 
15 CH0El5)-al]qdene-Y-al]qrlene-; 

Ri.i is selected from the group consisting of: 

-R<5-c(R7)-z-R«— aikyi; 

-R<rC(R7)-Z-R8— alkenyl; 

-R<s-C(R7)-Z-R«— aryl; 
20 -R«-C(R7)-Z-R8— heteroarjd; 

-Rfi-C(R7)-Z-R«— heterocyclyU 

-R<rC(R7>-Z^ 

-R<r-N(R9) -C(R7)-R«-alkyl; 

-R«-N(R9) -C(R7)-R8— alkenyl; 
25 -R<rN(R9)-C(R7>-Rjraiyi; 

-Rff-N(R9>-C(R7HMi^en>aiyl; 

-R«-N(R9>-C(R7HMietero<qrclyl; and 

-R<rN(R,)-C(R7>-Rio; 
R1.2 is selected firom llie group consisting of. 
30 -Rs-N(R9)— SO2— R«— alkyl; 
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-Re— N(R9)-S02— Rs— alkenyl; 

-R6-N(R9)-SOr-R«-aryl; 

-R6-N(R9)-SOrJl8-lieteroaryl; 

-Rff-NCR9)-SQ2-R8-het£a:ocyclyl; 
5 -Re— NCR))— SO2— Rio; 

-R<i-N(R5)-S02-N(R5>R8-alkyl; 

-R<i-N(R«i)-S02-N(R5>R8-alkenyl; 

-Re-N^)-SO2-N0R5)-R8-atyl; 

-Re-N(R9>S()2-N(R5)-R8-liet6roaryl; 
10 -R6-N(R9)-S02-NCEls)-R«-lieterocyclyl; and 

-R6-N(R9)-SC)2-NH2; 
Ri.3 is selected £com the graap consisting of: 

-R<r^(R9)-C(R7)-N(R5)-Q-R8-aIk5^ 

-RH^T(R9)-C(R7)-N(R5)-Q-R«-alkenyl; 
15 -R<rN(R9>-<XR^7)-N(R5)-<HU-fflyi; 

-R€-N(R9>- C(R.7)— N(Rs)-Q-Rff-teteroaryi; 

-Rfi-N(R9)- C(R7)— NCRsHJ-Rrietetocyclyl; 

-Re-N(R9)-C(R7)-N(R5V, 

-R<j-N(R5)-CCR7)-N A; 

20 -R<s-N(R9)-C(R7)-N(Rii)-Q-Rs-alkyi; 

-R<f^(R9)<KR7)-N(RuHHR»-«lkea)4; 

-Rfi-N(R9)-C(R7)-N(R,i)-Q-R8-ai3d; 

-R«-N(R9)-C(R7)— N(Rii)-Q— Rg-heteroaiyl; 

-Rfi-N(R9)- C(R7)-N(Jlii)-Q— Rg-hetetocyclyl; and 
25 -Rfi-N(R8)-C(R7>-N(Rn)H; 

R2 is selected from tfaie groiq) consisting o£ 

-hydiogei^ 

-alkyl; 

-alkenyl; 
30 -aryl; 

-heteroaiyl; 
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-heterocyclyl; ^v/? 

-alkylene-Y-alkyl; 

-allgdene-Y- alkenyl; 

-alkylene-Y-ar^; and ^ 
- alkyl or alkenyl substituted by one or more substitueots selected fiom tiie 
group consisting o£ 

-halogen; ' |'v^-: 
-N(R5)2; .1; 



10 -C(0>Ci.ioalk3d; 

-C(0)-0-Cuo alkjd; 



-aryi; ■ 

-heteroaryl; 

- f V 

15 Jifiterocycljd; 

-C(0)-aryl; aad ); • 

-C(0)-lietesroaryl; t,' ; 

Yis-0-or-5(0)o^S 1 

t 

Z is-N(R5K -CK or 
20 Q is a bond, -CO-, or "^Or-; r 

A lepiesents the atoms necessary to provide a S- or 6-menibered hetetocyclic or 
betatoaromatic ling that contains up to fbiee heteroatoms; 

Ra and R4 ate indep^dratly selected fiom the group consisting of hydrogen, Cmo 
alk/l, C2.10 alken^ C2.10 alkynyl, Cmo alkoxy, Cmo alkjdthio, amino, alkylainino, 
25 dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo aIM» or C2.10 alkenyl; 

is alkylene, alkenylene, or alkynylene, ^^ch may be interrupted by one or 
more-O-groiqps; , 
R7is=Oor=S; li 
30 Rs is a bond, alkylene, alkenylene, or alkynylene, which may be interrupted by one 

or more -O- groups; 
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R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join togeHier with any carbon 
atom of R6 to form a ring of the formula 



r 



(CH2)3^ 

9 

Rio is hydrogen or Ci-io alkyU or R9 and Rio can join together to form a ring 
5 selected from 

Rn is Ci-io alkyU or R9 andRn can join together to form a ring having the 
structure 

— N-C(R7) 

c y- 

^^"2)2.7 -and 

10 R12 is C2-7 alkylene which is straight chain or branched, wherein the branching 

does not prevent formation of the ring; 
or apharmaceutically accq)table salt thereof 

111. A compound selected from compounds of Formulas LIX-4, and LIX-5: 

15 




X-0— Rm.« 



20 wherdn: 

Rm. 5 is Rm m IJK-4, and R1.5 m LIX-5 ; 

X is -CH(R5)-, -CH(El5>a]kylen©-, -CH^>alkenylene-, or 
CH(R5)-alkylene-Y-alkylene-; 

Ri^ is selected fiom the group consisting of: 
25 -alkenyl; 
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-dxyl; and 
-R^aryl; 

Ri-5 is selected from the group consisting of: 

-heteroaryl; 
5 -heterocyclyl; 

-R^ heteroaryl; and 

-Rtf-lieterocyclyl; 
R2 is selected from fhe gronp consisting of: 

-hydrogen; 
10 -alkyl; 

-alkenyl; 

-aryl; 

-heteroaryl; 
-hetCTOcyclyl; 
15 -aJkylCTe-Y-alkyl; 

-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 

- alkyl or alkenyl substituted by one or more substituents selected from the 
group consisting of: 
20 -OH; 

-halogen; 
-NCR5)2; 

-C(0>CMoalkjd; 
-C(0)-0-Ci.io alkyl; 
25 -N3; 

-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
30 -C(0>heteroaryi; 
Yis-0-or-S(0)a.2S 
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R3 and R4 are independently selected jfom the group consisting of liydrogen, Ci- 
alkyl, C2.10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylfhio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; and 

is alkyl^e, alkenylene, or alkynylene, which may be interrupted by one or 
more -O- groups; 

or a phannaceutically acceptable salt thereof 
112. A CQnq>ound of the Formula LVni: 




O 



NH 

(Lvm) 

wherein 

X is -CHCRs)-, -CH(R5>alkylene-, -CHCRs^alkenylene-, or 
CH(R5>a]kylene-Y-alkylene-; 

R2 is selected from the group consisting of: 

-hydrogen; 

-alkyl; 

-a]ken}d; 

-aryU 

-heteroaryl; 
-heterocyclyl; 
-alkylene-Y-alk^; 
-alkylene-Y- alkenyl; 
-alkylene-Y-aryl; and 
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*-all^l or alkenyl substituted by one or more substituents selected fiom the 
group consisting of: 
-OH; 
-halogen; 
-N(R5)2; 

-C(0)-CMoalkyl; 
-C(0>0-Cmo aBqd; 

-N3; 
-aryl; 

-heteroaryl; 
-heterocyclyl; 
-C(0)-aryl; and 
-C(0)-heteioaiyl; 
Yis-0-or-S(0)o-2S 

R3 and R4 are independently selected fibom the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or C2-10 alkenyl; 

is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
more-O— atoms; and 

R9 is hydrogen, Cuio allcyl, or arylalkyl; or can join together with any carbon 
atom of R6 to form a ring of the formula 

-o- 

or a pharmaceutically acceptable salt thereof 



298 



wo 03/103584 



PCTAJS03/17659 



113. A compound of the Formula LXXVni: 





BOC 



(pcxvm) 



5 ^pvherdn 



X is -C3H(R5)-, -CH(R5>alkylene-, -CHCRs^alkmyleae-, or 



10 



CH^5>alkylen©-Y-alkyl«ie-; 

Yis-0-or-S(0)o.2S 
BOC is /err-butoxycaibonyl; 

Ra and R4 are independenfly selected fiom the ffovp consisting of hydrogen, Cmo 



alkyl, C2.10 alkenyl, C2.10 alkyayl, Ci.io alkoxy, Cmo alkyltfaio, amino, alkylanuno, 
diaOsylammo, halog^ and nitro; 

eachRs is independently hydrogen, Ci-io alkyl, or C2-10 alkenyl; 

Re is alkylene, alkenylene, or alkynylene, which may be interrupted by one or 
1 5 more -O— atoms; 

R9 is hydrogen, Cmo alkyl, or arylalkyl; or R9 can join together with any carbon 
atom of R6 to form aring of the formula 




;and 



T is selected from nitro and amino; 
20 or a phaimaceutically acceptable salt thereof 
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1 14. A coiiq)Oiind of the Formula LXXIX: 




(LXXIX) 



wherein 



X is -CHCRsH -CH(R5)-alkyleae-, -CH(R5)-a]kenylene-, or 
CH(R5>alkylen^Y-alkylene-; 
Yis-^or-S(0)o-2S 

Ra and R4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2.10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo alkylthio, amino, alkylamino, 
dialkylamino, halogen, and nitro; 

each R5 is independently hydrogen, Cmo alkyl, or Cz-io aDcenyl; and 

T is selected from nitro and amino; 
or a phaxmaceutically acceptable salt thereof. 

115. A compound selected from compounds of Formulas LXXX-4 and LXXX-5: 




(LXXX-4 
LXXX-5) 



wherein 



Rm, 5 is Rm in LXXX-4, and R1.5 in LXXX-5; 

X is -CH(R5K -CH(R5)-alkylene., -CH(R5)-alkenylene-, or 
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CH(R5)-alkylene-Y-alkyleae-; 
Yis-(>-or--S(0)o-2-; 
R1.5 is selected from the group consistuig of: 

-heteroaryl; 

-heteiocyclyl; 

-R^heteioaryl; and 

-Rfi-heterocyclyl; 
is selected from the groiq> consisting of: 

-alkenyi; 

-aryl; and 

-Rtf-aryl; 

Ba andR4 are independently selected from the group consisting of hydrogen, Cmo 
alkyl, C2-10 alkenyl, C2-10 alkynyl, Cmo alkoxy, Cmo allqdthio, amino, alkylamino, 
dialkylamino, halogen, and nitco; 

each R5 is independenfly hydrogen, Cmo alkyl> or C2.10 alken^; 

R6 is alkyime, alkenylene, or alkynylene, which may he interrupted hy one or 
more -O- groiqps; and 

T is selected from nitro and amino; 
or a pharmaceutically acceptable salt thereof! 
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